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Execut i ve  Summa  ry 


The  Second  Working  Group  Meeting  for  Earthquake  Engineering  Re¬ 
search  Coordination  for  the  Interagency  Research  Coordination  Confer- 
^ence  (IRCC)  was  held  in  Knoxville,  Tennessee,  on  18-19  September  1980. 
Discussion  centered  on  three  major  fields  of  concern  for  earthquake  en¬ 
gineering  research:  soils,  structures,  and  geology/seismology.  Emphasis 
was  given  to  ongoing  research  and  development  directly  related  to  the 
earthquake  analysis  for  evaluating  dam  safety.  It  was  observed  that 
there  exists  reasonable  agreement  between  member  agencies  as  to  the 
methodology  for  evaluating  seismic  safety  of  earth/rock-fill  and  con¬ 
crete  dams.  In  general,  no  unnecessary  duplication  of  research  efforts 
was  observed  between  member  agencies. 

As  a  result  of  discussions  centered  on  strong-motion  instrumenta¬ 
tion  and  the  mutual  desire  to  improve  the  existing  strong-motion  data 
base,  the  following  decisions  were  made: 

i‘va)  Request  IRCC  member  agencies  to  expedite  dissemination  oi 
strong-motion  dntay 

(  Contact  USCOI.I)  to  determine  the  availability  of  a  compila¬ 
tion  of  strong-motion  data  for  dam  installations  worldwide 
and  distribute  these  to  IRCC  member  agencies.  This  task 
was  assumed  by  Lucian  G.  Guthrie.  /1‘ 

( cj  Establish  liaison  to  avoid  redundancy  of  strong-motion 

instrumentation  at  dams  in  close  proximity  to  one  another. 


A 


It  was  suggested  that  this  working  group  should  be  represented 
at  the  next  NSF  workshop  on  strong-motion  instrumentation. 

A  subcommittee  formed  at  the  direction  of  the  steering  committee 
was  established  to  determine  the  needs  for  research  of  earthquake-induced 
dynamic  earth  pressures  on  retaining  walls.  The  subcommittee  is  to  de¬ 
cide  by  January  1981  if  further  activities  are  justified.* 


*  Recorder's  Note:  Prior  to  publication  of  this  report,  Paul  F.  Hadala 
at  WES  prepared  a  questionnaire  to  assess  each  member  agency's  needs 
for  research  of  dynamic  earth  pressures  on  retaining  structures.  The 
questionnaire  was  mailed  10  March  1981  to  each  of  the  contact  persons 
listed  and  is  included  as  Appendix  7. 
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Finally,  concern  was  expressed  regarding  a  proliferation  of  com¬ 
mittees  organized  for  similar  purposes,  yet  not  being  coordinated  or 
in  communication  with  each  other. 


SECOND  INTERAGENCY  GROUP  MEETING  FOR  EARTHQUAKE 
ENGINEERING  RESEARCH  COORDJNATION 

SEPTEMBER  1980 

Report  of  Meeting 

f  nt  roduct i on 

1.  The  second  working  group  meeting  for  earthquake  engineering 
research  coordination  for  the  Interagency  Research  Coordination  Con¬ 
ference  (IRCC)  convened  at  8:30  a.m.  on  18  September  1980  at  the  Ten¬ 
nessee  Valley  Authority  (TVA)  headquarters  in  Knoxville,  Tennessee.  A 
letter  of  invitation,  along  with  the  originally  proposed  agenda  and 
introduction  of  the  topic  statements,  is  included  in  Appendix  1.  The 
opening  remarks  included  a  welcome  presented  by  R.  G.  Domer  of  TVA  and 

a  brief  overview  of  the  history  of  the  working  group.  The  working  group 
was  created  at  the  10th  IRCC  and  first  met  in  Denver,  Colorado,  in  Sep¬ 
tember  1978.  The  parent  organization,  IRCC,  meets  biennially  in  odd 
years  and  this  working  group  meets  during  even  years  to  gather  ongoing 
research  and  limit  redundancy.  Among  the  accomplishments  of  the  first 
working  group  were:  (a)  developing  recommendations  for  common  termi¬ 
nology  for  earthquake  response  analyses,  including  earthquake  ground 
motions  and  (b)  determining  areas  of  commonalty  and  differences  in  the 
agencies'  procedures  for  defining  earthquake  ground  motions.  A  report 
on  this  work  was  prepared  and  distributed  to  each  agency  involved. 

2.  At  this  second  working  group  meeting,  a  question  was  raised 
by  James  Choromokos,  Jr.,  of  the  Office,  Chief  of  Engineers  (OCE),  con¬ 
cerning  funding  levels  for  earthquake  engineering  research  in  each  of 
the  attending  agencies.  The  estimates  of  earthquake  engineering 
research  funding  for  the  various  agencies  represented  are  as  follows: 

a.  TVA  -  approximately  $130,000. 

b.  Waterways  Experiment  Station  (WES)  -  approximately 
$500,000. 

c.  Water  and  Power  Resource  Service  (WPRS)  -  approximately 
$250,000  budgeted  tor  KY  81. 


d.  Bonneville  Power  Administration  (BPA)  -  most  funding  for 
electrical  engineering,  very  little  for  earthquake. 

e.  U.  S.  Geological  Survey  (USGS)  -  approximately  $1.27  mil¬ 
lion,  considering  all  aspects  such  as  dam  safety,  slides, 
instrumentation,  etc. 

f.  National  Science  Foundation  (NSF)  -  approximately 
$6  million. 

g.  National  Bureau  of  Standards  (NBS)  -  approximately 
$600,000,  mostly  toward  development  of  building  standards. 

h.  Federal  Emergency  Management  Agency  (FEMA)  -  approximately 
$100,000,  mostly  toward  dam  safety. 

Attendees 

3.  Those  in  attendance  were: 

Name  Agency 


T.  J.  Abraham 

TVA 

S .  B .  Ahined 

TV  A 

Chuck  Babcock 

NSF 

Robert  D.  Bourn 

BPA 

George  Buchanan 

TVA 

Dennis  Carlin 

TVA 

James  Choromokos,  Jr. 

0CE 

Yung  C.  Chung 

TVA 

James  Costello 

NRC 

Jim  Coulson 

TVA 

D.  R.  Denton 

TVA 

Ronald  G.  Domer 

TVA 

G.  D.  Felpel 

TVA 

A.  G.  Franklin 

WES 

Lucian  G.  Guthrie 

0CE 

Frank  Hand 

TVA 

Gus  Harrell 

TVA 

Rich  Hopkins 

TVA 

Joe  Hunt 

TVA 

Kenneth  King 

USGS 

Joe  Koester 

WES 

S.  T.  Lin 

TVA 

Name 

Agency 

W.  F.  Marcuson  111 

WES 

Paul  Mlaker 

WES 

David  M.  Patrick 

WES 

Bill  Seay 

TVA 

Samuel  D.  Stone 

TVA 

Bruce  Tschantz 

FEMA 

Larry  Von  Thun 

WPRS 

F.  Y.  Yokel 

NBS 

General  remarks 

4.  The  topic  statements  (Appendix  1)  were  discussed  on  18-19  Sep¬ 

tember  1980.  The  presentations  by  the  various  agencies  represented  are 
divided  into  three  major  fields  of  concern  for  earthquake  engineering 
research:  soils,  structures,  and  geology/seismology .  Appendixes  2  and 

3  contain  related  work  topics  submitted  Lo  the  group  from  NSF  and  USGS, 
respectively,  along  with  the  covers  and  tables  of  contents  of  reports 
outlining  the  funding  priorities  of  each  organization  for  earthquake 
engineering  related  work.  Appendixes  4-6  are  statements  ot  ongoing 
research  and  development  related  to  earthquake  analysis  lor  evaluating 
dam  safety  from  the  Corps  of  Engineers  (CE),  TVA,  and  WPRS, 

respect i ve ly . 

Topic  Statement s 

Earthquake  engineering  resea rch  : _ so i Is 

5.  TVA,  CE  (WES),  NBS,  and  WPRS  all  presented  one  or  more  topic 
statements  describing  ongoing  research  in  the  behavior  of  soils  during 
earthquake  loading.  The  methodologies  involved  literature  review  and  a 
wide  variety  of  laboratory  and  in  situ  techniques  to  evaluate  dynamic 
properties  of  soil  used  for  different  engineering  purposes. 

a.  Earthquake- induced  dynamic  pressures  on  retaining  struc¬ 
tures  are  being  investigated  by  TVA  through  a  program  of 
literature  review  and  computer  finite  element  method  (FEM) 
modeling.  The  final  phase  of  this  project  will  bo  to  eval¬ 
uate  the  current  TVA  policy  which  uses  experimental  data 
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that  may  not  be  applicable  for  all  present  design  situa¬ 
tions.  This  dynamic  soil-pressure  research  is  geared  pri¬ 
marily  toward  nuclear  power  plant  basement  walls. 

The  CE  presented  several  research  topics  concerning  the 
liquefaction  susceptibility  of  soils  during  earthquake 
loadings.  State-of-the-art  laboratory  techniques  are  used 
to  construct  repeatable,  homogeneous  sand  specimens  in  one 
study  to  assess  the  strain  and  void  ratio  redistribution 
imparted  by  cyclic  triaxial  testing.  The  CE  is  trying  to 
determine  whether  a  redistribution  of  void  ratio  is  caused 
by  the  laboratory-test  conditions  and  cyclic  loading.  The 
CE  does  not  believe  that  this  redistribution  of  void  ratio 
occurs  in  situ,  and  the  use  of  cyclic  triaxial  test  results 
in  dynamic  analyses  of  earth  structures  may  he  in  ques¬ 
tion.  Special  freezing  and  cutting  techniques  are  used  to 
determine  the  ice-content  redistribution  in  uniform  homo¬ 
geneous  pre-  and  post-test  specimens. 

Other  laboratory  research  by  CE  on  soil  liquefaction  is 
aimed  at  determining  the  behavior  of  well-graded  and 
gravelly  materials.  One  finding  of  this  study  is  that 
dams  constructed  of  these  materials  have  historically  per¬ 
formed  well  under  earthquake  loading,  and  the  conclusion 
should  provide  a  vital  additional  empirical  data  base. 

TVA  is  currently  evaluating  gradation  and  density  varia¬ 
tions  with  sand  and  gravel  mixtures,  using  a  Drnevich  free- 
free  torsional  resonant  column  device  and  6-in.-diam  speci¬ 
mens.  WPRS  is  also  conducting  research  in  soil  performance 
during  seismic  activity,  comparing  Drnevich  free-free  and 
Hardin  free-fixed  resonant  column  devices.  Tests  planned 
for  the  future  include  dynamic  strength  tests  on  silt-sand 
mixes  and  studies  to  examine  the  effects  of  "scalping" 
materials  from  triaxial  test  specimen  gradations  to  match 
field  gradations. 

The  CE  is  currently  researching  earthquake-induced  settle¬ 
ments  in  cohesionless  materials  by  correlating  cyclic  sim¬ 
ple  shear  and  cyclic  triaxial  test  results  for  use  in  an 
effective  stress  analysis.  Analytical  solutions  for  seis- 
mically  induced  settlements  in  sands  are  being  investi¬ 
gated  and  have  yet  to  be  field-verified.  NBS  is  currently 
studying  the  evidence  of  a  threshold  shear  strain  for  no 
volume  change  in  cyclic  triaxial  test  specimens. 

Both  CE  and  WPRS  presented  research  topics  related  to  in 
situ  determinations  of  the  behavior  of  soils  under  earth¬ 
quake  loading.  CE  (WES)  has  developed  a  penetrometer  po¬ 
tentially  capable  of  evaluating  the  in  situ  liquefaction 
susceptibility  of  soils.  The  device  is  essentially  an 
electric  friction  cone  with  pore-pressure  instrumentation 
which  monitors  the  changes  in  groundwater  pressure  induced 
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bv  penet rumctpr  advance.  WPRS  is  evaluating  various  geo¬ 
physical  techniques  to  determine  the  shear-wave  velocity, 
and  hence  elastic  moduli,  of  subsurlace-soil  strata.  Both 
explosive  and  polarizable  nonexplosive  wave  sources  are 
used  to  provide  in  situ  modulus  information. 

f.  Researchers  at  NBS  are  investigating  the  Standard  Penetra¬ 
tion  Test  to  study  the  effects  of  hammer  geometry  on  energy 
transmission  to  the  split  spoon.  The  research  is  in  coop¬ 
eration  with  ASTM  to  overview  United  States'  practices  and 
achieve  a  stochastic  model  for  energy  input. 

g.  The  CE  is  currently  researching  a  wide  variety  of  methodol¬ 
ogies  to  delineate  cavities  and  discontinuities  in  rock. 

To  date,  one  of  the  most  promising  techniques  to  interro¬ 
gate  possible  foundation  materials  is  a  crosshole  radar 
procedure. 

Earthquake  engineering  research:  structures 


6.  The  major  portion  ot  research  outlined  by  CF. ,  TYA,  WPRS,  and 
BPA  concerned  the  stability  of  concrete  dams  during  earthquake  loading. 


a.  The  overturning  potential  of  high  lock  and  dam  sections 
was  evaluated  by  TVA  from  an  energy-balancing  computation, 
equating  maximum  potential  for  overturning  to  the  maximum 
kinetic  energy  imparted  to  the  structure  from  ground  mo¬ 
tions.  Th i s  technique  has  been  evaluated  and  is  now  being 
used  by  the  CE  and  WPRS. 

b.  The  seismic  response  of  concrete  dams  and  appurtenant 
structures  is  being  researched  by  WES  to  upgrade  present 
methodology  for  determining  the  nonlinear  response  of  dam- 
reservo  i r-foundat i on  systems.  Model  tests  for  nonlinear 
response  to  strong  ground  motions  have  been  conducted  at 
WES  on  a  nonoverflow  monolith. 

c.  The  hydrodynamic  effects  of  earthquake  motion  on  dams  is 
being  investigated  by  WPRS.  Beginning  with  the  simple 
model  of  a  flat  vertical  plate  in  motion,  a  water-dam  in¬ 
terface  analytical  model  will  be  formulated.  Depending  on 
model  success,  arch  dam  curvature  will  be  introduced, 
modeled,  and  investigated. 


d.  WPRS  is  also  investigating  the  behavior  of  concrete  dams 
following  tectonic  fault  displacement  by  subjecting  phy¬ 
sical  models  to  various  fault  movement  configurations  in¬ 
troduced  at  the  base.  Analytical  models  may  be  developed 
to  represent  dam  performance  under  fault  displacement,  in¬ 
cluding  such  factors  as  construction  joints  and  varied 
faulting  modes . 


e.  TVA  and  WPRS  presented  research  on  the  seismic  stability 
of  structural  elements  in  other  areas  besides  concrete 
dams.  TVA  is  evaluating  the  shear  properties  ol  some 
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structural  components  for  nuclear  plants  by  researching 
thin  wall  theory,  the  rigidity  method,  and  FEM  for  open 
sections  and  high-aspect  (height-to-width)  ratio  components. 
A  literature  search  has  produced  little  data  on  open  sec¬ 
tions.  WPRS  is  studying  the  dynamic  properties  of  instru¬ 
mented  large  concrete  specimens  subjected  to  sinusoidal 
loading . 

f.  A  unique  study  of  buried  pipe  breaks  is  being  conducted  by 
TVA  primarily  for  use  in  design  of  nuclear  power  facili¬ 
ties.  The  study  is  intended  to  assess  the  extent  of  wash¬ 
out  caused  by  a  sudden,  complete  break  in  a  pressurized 
water  line  which  could  occur  due  to  ground  displacement. 

g.  The  BPA's  currently  related  work  consists  chiefly  of  up¬ 
grading  switchyard  components  for  seismic  stability.  One 
particular  subject  deals  with  busswork  protection  from 
displacement  caused  by  ground  motions,  which  consists  of 

a  flexible,  conductive  expansion  joint  at  formerly  brittle 
electrical  connections. 

Earthquake  engineering  research:  geology  and  seismology 

7.  TVA,  CE,  and  WPRS  reported  their  respective  research  progress 
and  needs  as  they  pertained  to  the  area  of  geology  and  seismology.  These 
three  agencies  briefly  outlined  their  current  practice  in  utilizing  geo¬ 
logic  and  seismologic  input  to  assess  the  seismic  safety  of  their  dams. 

a.  TVA  is  in  the  process  of  documenting  all  faults  and  exist¬ 
ing  seismicity  data  for  the  TVA  region  of  influence  and 
the  southeastern  states,  respectively.  Both  compilations 
will  be  computerized  for  data  reference;  the  seismicity 
data  for  a  quick  zonal  search  (within  the  200-mile  radius 
required  in  current  nuclear  plant  siting  criteria)  will  be 
avai labl e . 

b.  Both  CE  and  WPRS  presented  programs  designed  to  upgrade 
existing  strong-motion  instrumentation  of  dams  and  lay 
groundwork  for  new  installations  to  expand  the  network  of 
stations.  The  drawbacks  of  digital  strong-motion  records 
were  discussed;  namely,  instability  and  too  much  sophisti¬ 
cation  for  serviceability.  CE  explained  that  it  services 
and  maintains  its  own  network  of  installations  throughout 
the  eastern  portion  of  the  United  States,  while  WPRS  de¬ 
pends  on  IJSGS  for  instrument  service.  The  CE  program  in¬ 
stalls  instruments  at  the  crest,  slope,  and/or  toe,  and 
free-field  rock  in  the  dam  vicinity  where  possible,  while 
WPRS  installs  recorders  at  the  crest,  on  the  embankment 
slope  or  within  galleries  of  concrete  dams,  and  at  the  toe 
of  its  dams. 

c.  The  CF.  is  presently  upgrading  its  methodology  for  selecting 
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design  earthquakes,  largely  through  cooperation  with  private 
industry  and  other  Government  agencies.  The  probability 
of  recurrence  is  being  studied  to  assess  the  likelihood 
of  a  maximum  event  for  Corps  projects.  A  bibliography  of 
published  and  partially  completed  reports  by  the  Geotech¬ 
nical  Laboratory  of  WES  on  geological  and  seismological 
investigations  of  earthquake  hazards  is  included  in  Appen¬ 
dix  1  with  the  topic  statements  (see  page  1-43). 

d.  WPRS  is  evaluating  risk  analysis  methods  for  dam  design, 
utilizing  a  "balanced  risk"  approach  for  several  possible 
failure  methods.  The  paper  entitled  "Water  Level  Restric¬ 
tions  at  Jackson  Lake,  Wyoming  -  1978  Decision  Basis"  is 
included  in  Appendix  1  as  an  example  of  the  WPRS  approach 
(see  page  1 -59) . 

e.  Induced  seismicity  is  being  investigated  in  a  CE  study  of 
reservoir  loading  and  fluid  injection.  This  study  consists 
mainly  of  a  literature  review,  along  with  research  into 
theoretical  evaluation  of  local  strain  release  and  stress 
adjustment  at  reservoirs. 

Discussions  of  Related  Work  Conducted 
and/or  Sponsored  by  Others 

NBS 

8.  A  portion  of  the  second  working  group  meeting  was  devoted  to 
discussion  by  five  agencies  not  represented  in  1RCC.  The  contributions 
of  NBS  were  previously  mentioned.  Not  being  a  problem-oriented  agency, 
the  Bureau's  earthquake  engineering  program  originates  from  a  mandate 
for  Federal  building  needs  and  much  of  the  geotechnical  earthquake  engi¬ 
neering  funding  is  Congress iona 1 1 y  appropriated  through  the  FEMA  disaster 
mitigation  program. 

NSF 

9.  The  NSF  presented  a  collection  of  its  ongoing  research  topics 
(included  in  Appendix  2)  in  the  earthquake  engineering  field.  The  NSF 
representative  briefly  detailed  a  breakdown  oi  funding  for  research. 

The  annual  summary  of  awards  is  given  in  Appendix  2  for  1979. 

NRC 

10.  The  Nuclear  Regulatory  Commission  (NRC)  sponsors  research  in 
three  primary  areas  of  concern  for  earthquake  engineering,  particularly, 


the  safety  assessment  of  critical  nuclear  power  equipment  under  seismic 
1 oading : 


a . 

Seismology  and  geology  - 
1980-81. 

$5 

mill  ion 

anticipated 

for 

b. 

Mechanical  engineering  - 
1980-81 . 

$2 

mi 1 1  ion 

anticipated 

for 

c . 

Structural  engineering  - 
1980-81. 

$1 

mill  ion 

anti cipated 

for 

IISGS 

11.  The  USGS  presented  two  documents  to  the  working  group: 

a.  "Earthquake  Hazard  Reduction  Program,  1978." 

b.  "Geological  Survey  Circular  816  -  Program  and  Plans  of  the 
USGS  for  Producing  Information  Needed  in  National  Seismic 
Hazards  and  Risk  Assessment,  FY  1980-84." 

Both  reports  outline  a  schedule  for  various  funding  priorities  in  USGS 
for  earthquake-related  research  and  are  given  in  Appendix  3. 

FEMA 

12.  The  FEMA  representat i ve  introduced  the  Interagency  Committee 
on  Dam  Safety  (ICODS),  created  in  June  1980  to  provide  overall  coordi¬ 
nation  of  dam  safety  analyses,  and  to  achieve  a  forum  of  data  and  pro¬ 
cedure.  The  first  meeting  of  ICODS  is  planned  for  16  October  1980  and  a 
member  from  this  working  group,  W.  F.  Marcuson  III,  was  invited  to 
attend . 

Research  and  Development  Related  to  Earthquake 
Analysis  for  Evaluating  Dam  Safety 

13.  In  addition  to  the  topic  statements  presented  by  the  various 
agencies,  CE,  TVA,  and  WPRS ,  each  presented  their  primary  research  objec¬ 
tives  and  methodologies  directly  related  to  assessing  the  behavior  of 
dams  subjected  to  earthquake  motions. 

CE 

14.  The  CE  (WES)  described  the  current  policy  for  evaluating 
seismic  stability  of  dams  at  Corps  installations,  both  earth/ rock-f i 1 1 
and  concrete.  Two  approaches  are  now  taken  for  evaluating  the  seismic 
stability  of  earth  and  rock-fill  structures:  the  Seed  approach  for 
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I  iquefaction  of  granular  materials  assesses  embankment  or  foundation 
failure  potential  and  a  Newmark-type  permanent  displacement  analysis 
calculates  the  deformation  of  the  most  critical  sliding  mass  determined 
from  static  stability  analysis. 

15.  The  CE  is  investigating  the  inelastic  response  of  concrete 
dams,  as  the  maximum  credible  earthquake  (MCE)  required  for  some  designs 
tends  to  invalidate  linear  elastic  analysis.  An  example  of  the  problem 
was  illustrated  using  the  Richard  B.  Russell  Dam  case  history,  where 
earth  embankments  are  coupled  with  concrete  sections.  For  the  concrete 
section,  1’rofessor  A.  K.  Chopra's  EADH1  code  was  used  to  combine  hydro¬ 
dynamics  with  the  dam.  The  analysis  was  performed  using  5  and  10  percent 
damping,  assuming  this  would  bracket  the  actual  response  of  the  system. 
The  advent  of  tension  cracks  in  a  concrete  section  is  considered  to  con¬ 
tribute  a  degree  of  inelasticity  to  the  response,  thus  increasing  the 
damping.  An  abstract  of  the  presentation  on  Corps  concrete  dams  is 
included  in  Appendix  4  with  reference  to  published  WES  reports. 

TVA 

In.  TVA  presents  its  research  and  development  program  related  to 
earthquake  analyses  of  dams  in  Appendix  5.  Included  in  the  Appendix  is 
an  overview  of  TVA's  responsibilities  for  existing  dam  maintenance  and 
dam  safety  evaluations  related  to  the  nuclear  power  program. 

WPRS 

W.  The  WPRS  outlines  its  research  needs  and  procedures  in  Appen¬ 
dix  6,  categorized  into  definition  of  seismic  loads,  analyses  of  earth 
and  rock-fill  dams,  and  analyses  of  concrete  dams. 

Discussion 

18.  WES  pointed  out  that  a  traveling-wave  study  such  as  one 
desired  by  WPRS  for  concrete  dams  has  been  documented  in  a  WES  report  on 
the  earth  embankment  of  Fort  Peck  Dam  (WES  Technical  Report  S-7b-l, 

March  1976). 

19.  TVA  concurred  with  the  CE  criteria  for  survivability  of  con¬ 
crete  dams  with  regard  to  cracking  or  earth  dams  with  regard  to  defor¬ 
mation;  i.e.,  the  dam  must  retain  impoundment  safely  until  drawdown  is 
complete. 


20.  Strong-motion  instrumentation  is  in  great  demand  for  all  con¬ 
cerns  of  the  working  group.  More  and  better  recording  instruments  need 
to  be  developed  to  enlarge  the  data  base  for  characterizing  ground 
motions . 


Meeting  of  Steering  Committee 

21.  The  Steering  Committee  of  IRCC  met  at  3:00  p.m.,  19  Septem¬ 
ber  1980,  to  discuss  the  progress  of  IRCC  and  the  working  group.  Those 
in  attendance  were  as  follows: 

Lucian  G.  Guthrie,  Office,  Chief  of  Engineers  (CE) 

R.  G.  Corner,  Tennessee  Valley  Authority  (TVA) 

R.  Joe  Hunt,  TVA 

R.  D.  Bourn,  Bonneville  Power  Administration  (BPA) 

W.  F.  Marcuson  III,  Waterways  Experiment  Station  (WES) 

J.  P.  Koester,  WES 

22.  It  was  observed  that  there  exists  reasonable  agreement  between 
member  agencies  as  to  the  methodology  for  evaluating  the  seismic  safety 
of  earth  and  concrete  dams.  The  consensus  was  that  more  strong-motion 
instrumentation  of  new  and  existing  structures  was  necessary.  A  lack  of 
information  on  earthquake-induced  dynamic  earth  pressures  on  retaining 
structures  was  noted  as  well  as  a  need  for  improved  verticality  survey 
techniques  in  deep  boreholes.  Concern  was  expressed  regarding  a  prolif¬ 
eration  of  committees  organized  for  similar  purposes,  yet  not  being  co¬ 
ordinated  or  in  communication  with  each  other.  Overall,  no  unnecessary 
duplication  of  research  efforts  was  observed  between  member  agencies. 

23.  Specific  decisions  by  the  Steering  Committee  were  formulated 
into  the  following  recommendations  and  action  items: 

a.  Much  of  the  committee  discussion  centered  on  strong-motion 
instrumentation  and  the  mutual  desire  to  improve  the  exist¬ 
ing  strong-motion  data  base.  The  need  was  recognized  to 
hasten  the  distribution  of  recorded  seismic  data  to  the 
agencies  which  rely  on  up-to-date  ground  motions  for  design 
and  specification.  To  this  end,  the  following  decisions 
were  made: 
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Cl)  Request  IRCC  member  agencies  to  expedite  dissemination 
of  strong-motion  data. 

(2)  Acquire  a  compilation  of  the  location  of  strong-motion 
instruments  installed  at  dams  worldwide  and  distribute 
to  member  agencies. 

(3)  Establish  liaison  to  avoid  redundancy  of  strong-motion 
instrumentation  at  dams  in  proximity  to  one  another; 
the  example  cited  was  Kentucky  Dam  (TVA)  near  Barkley 
Dam  (CE). 

t> .  Tlie  outcomes  and  conclusions  of  this  working  committee 

meeting  should  be  reported  to  the  upcoming  IRCC  at  Vicks¬ 
burg,  Mississippi;  specific  topics  to  be  addressed  concern 
commonality  in  the  areas  of: 

(1)  Developing  a  terminology  and  exchanging  information 
pertaining  to  the  development  of  ground  motions. 

(2)  Evaluation  of  new  and  existing  facilities. 

(3)  Criteria  for  assessing  stability  of  earth  and  concrete 
dams . 

c.  This  working  group  should  be  represented  at  the  next  Na¬ 
tional  Science  Foundation  workshop  on  strong-motion 
instrumentation . 


Areas  within  or  between  member  agencies  where 
repetition  or  duplication  exists  in  research  e 
be  identified;  an  example  cited  was  TVA's  ongo 
to  investigate  dynamic  properties  of  cohesionl 
previously  documemted  in  the  literature. 

Each  agency  should  determine  its  needs  for  res 
ea rthquake- induced  dynamic  earth  pressures  on 
structures.  These  findings  will  be  communicat 
phone  conference  on  or  about  1  January  1981  by 
ing  contact  people  who  will  also,  at  that  time 
whether  further  committee  activities  and/or  wo 
etc.,  are  justified: 


unnecessa  ry 
f forts  should 
ing  research 
ess  material 


earch  of 
retai n i ng 
ed  via  tele- 
the  fol low- 
,  decide 
rkshops , 


P.  F.  Hadala,  WES 
Frank  Hand,  TVA 
R.  D.  Bourn,  BPA 
Karl  Dreher,  Water  and  Power 
Resources  Service 


FTS  592-3475 
FTS  852-2101 
FTS  429-4329 

FTS  234-3189 


f.  It  should  be  decided  at  the  Vicksburg  IRCC  biennial  meeting 
what,  if  any,  arrangements  are  to  be  made  toward  organizing 
the  Third  Interagency  Working  Group  Meeting  for  Earthquake 
Engineering  Research  Coordination. 
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&■  It  was  decided  that  the  general  form  for  topic  statements 
will  be  modified  to  include  a  description  of  the  funding 
level  for  each  research  item. 
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APPENDIX  1 

INVITATION,  PROPOSED  AGENDA,  AND  TOPIC  STATEMENTS, 
INCLUDING  REPORT  MATERIAL  AVAILABLE 
TO  MEETING  ATTENDEES 
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The  meeting  of  the  Interagency  Working  Group  for  Earthquake  Engineering- 
Research  Coordination  vill  meet  in  the  offices  of  the  Tennessee  Valley  Authority 
(TVA)  in  Knoxville,  TH,  on  18-19  September  19BD.  Inclosure  1  is  an  agenda  which 
I  have  prepared  for  this  meeting.  Please  look  this  over  arid  be  prepared  wo 
discuss  your  topic  statements.  I  believe  these  presentations  should  be  limited 
to  7  to  10  minutes.  This  should  allow  about  5  minutes  fer  questions. 

Note  that  betvreen  10:15  and  11:145  on  19  September,  I  have  allowed  each  of  the 
invited  organizations  about  15  minutes  to  discuss  related  work  which  they  are 
cither  conducting  or  sponsoring. 

Ori  the  afternoon  of  the  19th,  I  would  like  for  TVA,  the  Corps  of  Engineers 
(CE),  and  the  Water  and  Power  Resources  Service  (WPRS)  to  prepare  a  30-r.inute 
presentation  on  research  and  development  related  to  earthquake  analysis  for 
evaluating  dam  safety  (earth,  rock-fill,  and  concrete  dans).  Additionally,  1 
would  like  for  you  to  document  this  in  writing  so  that  we  can  include  it  in  our 
report  covering  the  meeting.  Note  that  I  have  allov/ed  about  30  minutes  fro:, 
2:30  to  3:00  for  remarks  from  other  government  agencips  which  are  concerned  with 
dan  safety. 

Mr.  Joe  Hunt  at  TVA  is  in  charge  of  local  arrangements.  He  has  a  block  of 
rooms  reserved  at  the  Holiday  Inn  on  Chatman  Highway  for  the  evenings  of 
.17-19  September.  You  may  contact  him  on  F TS  856-PIPO.  His  mailing  address 


Mr.  Joe  Hunt 

Tennessee  Valley  Authority 

wwiia6 

Commercial  Realty  Management  Building 
!i00  Commerce  Avenue 
Knoxville,  Til  37902 


Please  confirm  with  Mr.  Hunt  your  plans  for  attending  t'.r  reeling  and  v' 


you  pi 


to  arrive  in  Knoxville. 


UEi'G H  22  August  i960 

SEE  DISTRIBUTION 

Inclosure  2  is  a  copy  of  all  the  topic  statements  which  J  have  received  to  date. 

During  the  time  period  3:15  to  U : 25  p-m.  on  19  September ,  I  would  like  to  meet 
with  members  of  the  Steering  Committee  (indicated  by  an  asterisk,  below)  to  discuss 
the  significant  conclusions  reached  during  the  meeting  and  also  the  content  of 
the  report  which  will  document  the  meeting. 

Should  we  have  additional  items  which  need  to  be  discussed  and  for  which  ve  do 
not  have  time  allotted,  we  can  extend  our  meeting  on  Thursday  afternoon  beyond 
*1:30  p.m.  I  am  asking  each  of  you  to  look  at  the  agenda  and  the  topic  statements ; 
see  if  I  have  omitted  something  which  you  would  like  included.  If  so,  bring 
this  to  my  attention  at  the  break  the  morning  of  18  September.  I  will  then 
inform  everyone  the  additional  agenda  items. 


If  you  have  any  questions  regarding  this  meeting,  please  do  not  hesitate  to 
call  me  at  FTS  5**2-2217*  Your  cooperation  and  assistance  is  very  much  appreciated. 

Sincerely, 


2  Incl 
As  stated 

DISTRIBUTION : 

Bill  Hakala,  NSF 
Fritz  Katthiesen,  USGS 
Felix  Yokel,  NBS 
Goutam  Bagchi ,  NEC 
*Bob  Bourne,  Bonneville  Power  Adro. 
* Larry  Von  Thun,  V7PRS 
* — “tn  G.  Domer,  TVA 
Joe  Hunt,  TVA 
Chuck  Thiel,  FEMA 
*Lucien  Guthrie,  OCE 
Ernie  Dodson,  OCE 
Mel  Martin,  OCE 


V.  F.  KARCUSON,  III 
Research  Civil  Engineer 
Acting  Chief,  Earthquake  Engineering 
and  Geophysics  Division 
Geotechnical  Laboratory 


8/26/80  -  RGD : JL 
cc  (Enclosures) : 

(R.  0.  Barnett.  U9p224  r-tr  -  please  handle. --RGD 
MEDS,  E4B37  C-K 
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MEETING  OF  THE  INTERAGENCY  V.'CKEING  GPi/JP 
FOR  EARTHQUAKE  ENGINEERING  RESEARCH 
COORDINATION 

To  be  held 
18-19  September  1930 
at  the 

Tennessee  Valley  Authority,  Knoxville,  Tennessee 
TENTATIVE  AGENDA 


1 8__Sej_i .  ember 

8:30  -  9:00  Welcome,  Introductory  Remarks,  Etc. 

9:00  -10:15  Earthquake  Ev.gineering  -  Soils 

(1)  IV ram' c  Soil  Pressures 

(2)  Ear>v  uake-  ndr.ced  Settlements  in  Soils 

(3)  Li qur  ''action  of  Dams  and  Foundations 

Earthquakes 

(b)  i«-  : roperties  of  Well -Graded 

.Materials 


V.  F.  Msrcuson  & 
R.  G.  Domer 


10:15-10:30 


B.  tak 


10:30-11:^5  Earthquake  Engineering  Research  -  Soils  (Cont’d) 

(5)  Development  of  Technique  and/or  Device  to 

Evaluate  Liquefaction  Potential  of  In 
Situ  Cohesionless  Material 

(6)  Remote  Delineation  of  Cavities  and 

Discontinuities  in  Rock 

(7)  Soil  Performance  During  Seismic  Activity 

(8)  In  Situ  Shear -Wave  Velocity  Measurement 

of  Elastic  Moduli  Determinations 


11:1(5-  1:00 

1:00-  2: 1(5 


Lunch 

Earthquake  Engineering  Research  -  Structures 

(1)  Shear  Properties  Used  in  Seismic  Analysis 

Structures 

(2)  Dam  Stability  via  Energy  Balance 

(3)  Effects  of  Buried  Pipe  Breaks 

(b)  Seismic  Response  of  Concrete  Dam  and 
Appurtenant  Structures 


2:  >)5-  3:00 
3:00-  :  30 


Break 


Earthquake  Engineering  P.cscarcn 


JCtUieS  (Co:.t'il) 


(5)  Dynamic  Properties  of  Concrete 

(6)  Structural  Hydrodynamic  Studies 

(7)  Behavior  of  Concrete  Dams  Following 

Tectonic  Fault  Displacement 


AGENDA  (CONTINUED) 


19  September 
8:30  -  10:00 


10:00  -  10:15 
10:15  -  11:1*5 


Earthquake  Engineering  Research  -  Geology , 
Seismology,  etc. 

(1)  Locations  and  Descriptions  of  Fault  in 
TVA  Region 

(P)  Seismicity  of  Southeastern  United  States 

(i)  Strong-Motion  Instrumentation  Program 
(1*)  Methodology  for  Selecting  Design 
Earthquakes 

(5)  Seismic  Effects  of  Reservoir  Loading  Sc 

Fluid  Injection 

(6)  Strong-Motion  Instrumentation  Program 

(7)  Applicability  of  Risk  Analyses  Methods 

to  Dam  Design 

Break 

Discussions  of  Related  Work  Conducted 
ani/or  Sponsored  by  Others 

(1)  Bonneville  Power  Administration 

(2)  National  Science  Foundation 
(')  Nuclear  Regulatory  Commission 
(1*)  U.  S.  Geological  Survey 

(5)  Federal  Energy  Manage  lent  Agency 

(6)  National  Bureau  of  Standards 


11:1*5  - 

1:00 

Lunch 

1:00  - 

3:00 

Research  and  Development  Related  ' 
Analysis  for  Evaluating  Dam  Safe 

1:00  - 

1:30 

TVA 

1:30  - 

2:00 

CE 

2:00  - 

2:30 

WPRS 

2:30  - 

3:00 

Remarks  by  FEMA,  NRC,  NSF,  BPA 

3  :00  - 

3:15 

Break 

3:15  - 

1* :  25 

Discussion 

1* :  25  - 

1* :  30 

Closing  Remarks 
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TVA 

TVA 

CE 

CE 

CE 

WPRS 

WPRS 
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•TOPIC  STATEMENT 


Acanev  'JCVA _ Priority 


19/D  '  vssiori  Number 


Subject  Area 


Earthquake  Eng ineeri  113 


Project  Title  _  JAyarnie  Poll  Pressures 


Performing  Organization _ diva  1  Engineer]  nr,  .Branch, 


Principal  Investigator _ ti.  P..  Tnre.lkc3.ct.  Dr.  F 

Starting  Year  ^  ^79 _ _ 


R  Pend _ _ _ 

mt 

Estimated  Completion  Year _ 


Technical  Objectives: 


Tnc-  objective  is  to  det.  amine  the  dynamic  soil  pressures 
retaining  walls  during  an  earthquake.  The  walls  may  be  ri 
supported  on  rock  or  soil. 


c  rented  on  basement  and 
r.iu  or  flexible  and 


■Jh- 


Technical  Approach: 

The  study  consists  of  (l)  a  review  of  current  literatur 
dynamic  soil  pres  mires  theories,  (?)  finite  element  era 
sci  1  configurations  for  both  natural,  ar.a  artificial  ear 
pari  son  of  various  t  ests  reported  in  the  literature  vat 
of  our  finite  element.  analyses,  and  (U)  evaluation  of  'i 
on  experimental  results  from  the  1930' s. 


to  ccs.r.are  the  current 


.y 5 .  s  cf  various  vail  and 


e 


J. ' 


ucke  excitation,  (3) 
ecn  other  and  the  re;; 
s  current  practice  ba 


cc 

o 


General  Progress: 

Ve  have  completed  our  literature  review  and  have  started  t  oe  finite  ele:_ent 
analyses. 


Plans  For  Next  Twelve  Month s : 

Complete  the  finite  element  a  nlyr.es  and  perform  steps  v  ; 
above. 
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TOPIC  STATEMENT 


Agency  ifflC  _  Prior.iLy _  1980  Session  Humber _ 

Subject  Area  Earthquake  Engineering 

Project  Title  Earthquake-Induced  Settlements  in  Soils 
P.  .  forming  Organisation  USAB  Waterways  Experiment  Station 
Principal  Investigator  R.  H.  Ledbetter  (FTS  5*<2-33?P) 

Starting  Year  FY  6 0  (Teh) _ _  Estimated  Completion  Year  Continuing 

Technical  Objective:  To  study  existing  and  develop  new  procedures  using 
laboratory  and  analytical  techniques  to  predict  earthquake-induced  settlements 
of  soils. 


Technical  Approach:  The  approach  is  to  re  vie*.’- the  literature  and  determine  the 
current  state  of  knowledge.  A  state-of-the-art  report  and  recommendations  for 
continued  research  directions  will  be  prepared.  Tnis  report  will  include  recom¬ 
mendations  concerning  large  and  small  scale  testing  for  the  purpose  of 
verification  of  existing  methodology. 

General  Progress:  The  literature  ir  being  reviewed.  To  date,  one  unified 
analytical  solution  for  oeismically  induced  settlements  has  been  found.  The 
solution  is  a  computerized,  analysis  for  sands  by  Dr.  YJ.  D.  Finn,  University 
of  British  Columbia.  Basic  e..umptions  and  concepts  are  as  follows: 

a.  One  dimensional 

b.  Free  field  conditions 

c.  Level  ground  surface  with  horizontal  layers 

d.  Volumetric  strain  behavior  is  computed  as  a  function  of  time  due  to 
the  actual  ra.idom  input  from  an  earthquake. 

e.  Pore  pressure  increase  and  dissipation  is  computed  ns  a  function  of 
time  due  to  the  actual  random  input  from  an  earthquake. 

f.  The  time  response  of  vertical  settlement  is  computed . 

g.  Program  inputs  for  the  soil  are  dynamic  shear  stress-strain 
characteristics  and  volume-pore  pressure  characteristics. 

Ho  field-verification  of  the  approach  has  been  made.  A  copy  o:  t he  computerized 
analysis  (DESHA  II)  has  been  obtained  and  adapted  to  the  VES  computer. 


During  FY  00  the  following  vork  is  planned: 

a.  Prepare  a  state-of-the-art  report  with  recommendat i one  for  continued 
research. 

b.  Investigate  Professor  Finn's  analytical  solution. 

c.  Conduct  a  small  number  (three  to  six)  of  laboratory  cyclic  tri axial 
tests  on  saturated  sand  in  order  to  tentatively  evaluate  la'r.orctcry  settlement 
behavior. 


d.  Search  for  well  documented  case  histories  to  verify  PISHA  II  ar.d 
other  methodologies  vhich  can  be  identified  and/or  developed. 

Plans  for  f'ext  12  Months :  Depending  on  our  recommendations ,  our  current  plans 
are  as  follows : 

a.  Relate  cyclic  triaxial  test  to  cyclic  simple  shear  test  data.  Cyclic 
simple  shear  data  are  used  as  input  parameters  for  DESiV.  II;  however,  cyclic 
triaxial  testing  is  more  routinely  used,  is  more  economical  and  is  easier  to 
conduct;  therefore,  wo  hope  to  modify  these  cyclic  triaxial  test  data  and  use 
them  as  input  parameters  instead  of  cyclic  simple  shear  data. 

b.  Verify  DESRA  II  and  any  other  methodology  with  either  case  histories 
and/or  larte  scale  tests. 

c.  Investigate  the  feasibility  of  in  situ  testing  techniques  for 
evaluating  the  characteristics  and  potential  for  seisr.icaiiy  induced 
settlements  of  soils. 
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Agency  _ CE 


Prior i t  y 


TOPIC  STATEMENT 
1  1980  -Session  Number 


Subject  Area  C.-otc-chnienl  Earthquake  En-incerinc 


Project  Title  Eiquefaction  of  Pams  and  Fo  let  ions  During  Ferthouahes 
Per  forming  Organization  Earthquake  Engineering  end  Gc-ophysl  cc  division,  '„T5 

Principal  Inver.tigat  or  V.1.  F.  Harcuson,  III  (■  n>  9^2-2217)  _ _ _ 

Starting  Year  _ 1-73 


Estimated  Completion  Year _  7p3l 


Technical  Objectives:  To  develop  and  evaluate  laboratory  and/or  analytical 
methods  to  detiunine  pore  vater  pressures  and  strains  v/ithin  saturate  i 
cohesionless  embankments  and  foundations  subjected  to  seismic  loads. 

Develop  correlations  of  field  performance  during  earthquakes  vith  soil 
properties . 

Technical  Approach:  This  program  is  presently  primarily  dedicated  to  the 
evaluation  of  the  degree  of  nonuniformity  of  strain  and  void  ratio  distri¬ 
bution  at  various  stages  in  the  cyclic  tri axial  test.  Our  approach  is  to 
first  build  repeatable  homogeneous  specimens,  then  subject  these  specimens 
to  various  degrees  of  pore  pressure  response  ir.  the'' eye  lie  triaxial  test. 
Once  this  predetermined  pore  pressure  response  has  been  achieved,  the 
specimen  is  frozen  in  such  a  way  as  not  tc  impede  drainage  and  is  cut  into 
10S  segments.  The  ic-  content  (void  ratio)  of  each  segment  is  then  deter¬ 
mined.  Analysis  of  these  data  should  indicate  the  degree  of  void  ratio 
redistribution  that  takes  place  during  cyclic  triaxial  ten' Ing. 


General  Progress:  Since  the  1978  meeting  we  have  published  two  i it -re  rese i. 
reports  entitled  "Ljqm  !  ;n  t  ion  Potential  of  Dams  and  Foundati ■■■<  ./  WES  Research 

Report  S-76-2.  These  reports  arc  Report  3  "Elastic-Plastic  Work-Hardening 
Constitutive  Model  for  Fluid-Saturated  Granular  Material"  dated  August  1978 
and  Report  6  "Laboratory  Strength  of  Sands  Under  Static  and  Cyclic  Loadings" 
dated  March  1979.  Report  7  "Geotechnical  Earthquake  Engineering:  State-of- 
the-Art,  1980"  will  be  published  this  fall.  A  report  by  Professor  V.  P. 
Drncvich  entitled  "Evaluation  of  Sample  Disturbance  on  Soils  Using  the  Con¬ 
cept  of  ’Reference  Strain’"  was  published  as  WES  Technical  Report  GL-79-13 
in  September  1979.  Professor  Marshall  Silver  is  presently  under  contract 
to  conduct  a  feasibility  study  on  large  scale  cyclie  shear  tests  including 
shake  tables,  centrifuges,  and  the  like. 


Plans  for  the  Next 
of  strain  and  void 
triaxial  test  will 
a  relative  density 
about  3.2  percent. 


12  Months:  The  evaluation  of  the  degree  of  nonuniformity 
ratio  distribution  at  various  stages  in  the  cyclic 
be  continued.  We  are  currently  building  specimens  at 
of  approximately  65  percent  with  a  standard  deviation  of 
Our  consultants  believe  this  variation  is  still  too 
large.  We  are  trying  to  reduce  the  standard  deviation  by  approximately 
50  percent  and  to  build  homogeneous  specimens  at  various  relative  densities. 
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TOPIC  STATEMENT 


Agency _ jg1 _  _ 

Subject  Aren _ Earthquake 

Project  Title  Dynamic 

Per  forming  Organization _ 

Principal  Investigator _ 

Starting  Year  ^  ^ _ 


Priority _ 1 _ 15E0  Session 

Engineering  _ _ 

Properties  of  Well-Graded  Materials 
USAE  Waterways  Experiment  Station 
M.  E.  Hyncs-Gri If in  (FTS  542-2280) 
Estimated  Completion  Year  _ 


Humber 


FY  82 


Technical  Objectives:  To  evaluate  the  susceptibility  of  well-graded  earth- 
rock  mixture  to  liquefaction  as  a  result  of  earthquake  shaking  and  determine 
the  controlling  material  properties. 

Technical  Approach: 

a.  Obtain  data  on  dams  constructed  with  saturated  zones  of  widely  greded 
soils  that  have  been  subjected  to  large  earthquakes  in  the  past,  and  correlate 
measured  material  properties  with  tielci  performance. 

b.  Investigate  the  feasibility  and  possible  deyel opr.ent  of  a  large- 
scale  cyc’tc  test  device  designed  to  monitor  well -graded  specimens. 

c.  Perform  cyclic  triaxi,.  tests  on  compacted  well-graded  specimens  to 
determine  the  effects  of  changes  in  density,  gradation,  and  stress  history  on 
the  pore  pressure  response  and  deformation  of  the  material  during  the  test. 

d.  Perform  a  series  of  strain-controlled  R  tests  on  similar  specimens 
to  provide  correlations  between  cyclic  test  performance  and  static  test 
performance . 

General  Progress: 

a.  Information  on  the  past  performance  of  dams  in  California  constructed 
of  well-graded  materials  that  have  been  subjected  to  significant  earthquakes 
is  being  processed. 

b.  A  feasibility  study  of  the  development  of  a  large-scale  testing 
device  and  sample  preparation  has  been  completed  and  tie  decision  has  been 
made  that  development  of  such  a  device  at  this  tine  is  not  advisable. 

_c.  A  material  has  been  chosen  for  a  series  of  cyclic  triaxinl  tests 
and  It  tests.  The  decision  has  been  made  that  the  emphasis  of  the  parameter 
study  should  focus  on  stress  history  effects  on  cyclic  and  R  performance  of 
samples . 

d.  Additional  researchers  have  been  contacted.  Ceotoch.; j c.'.l  Engineers 
Inc.,  and  Professor  11.  B.  Seed  have  contributed  suggestions  as  to  the  stress 
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l'.v.  it  to  use  for  proconsol  idation  and  rebound  and  shared  past  experience  with 
such  tests. 

e.  A  procedure  for  compacting  6- inch  diameter  specimens  for  the  cyclic 
tri. axial  a.  i  K  test  series  has  been  developed  that  will  provide  specimens 
that  display  uniform  strain  characteristics  over  the  height  of  the  specimen 
during  cycling.  Earlier  procedures  led  to  necking  of  the  specimen  due  to 

m  '.-uniformity  of  gradation  within  a  layer  and  of  density  between  layers.  A 
total  of  five  layers  tire  used  in  preparing  the  specimens. 

f.  Hie  cvclic  triaxial  testing  program  has  been  initiated  for  two 
gravel  contents,  14  percent  and  50  percent  by  weight,  with  the  minus  No.  4 
sieve  fraction  held  constant.  The  fines  contents  for  these  two  mixtures  are 
25  percent  and  19  percent,  respectively. 

g.  A  pore  pressure  transducer  that  can  be  compacted  into  the  specimen 
is  being  developed. 

Plans  For  Next  Twelve  Months:  Continue  development  of  the  pore  pressure 
transducer,  commence  K  testing  series,  and  continue  stress  history  (i.e., 
over consol idation)  investigation . 


TOPIC  STATEMENT 


lyCo  Session 

Agency  Corps  of  Engineers  Priority _ Pvr'.oer _ _ 

Subject  Area  Eartb^uakc  Engineering _ _ _ 

Development  of  Technique  and/or  Device  to  Evaluate  tne 
Project  Title  Liquefaction  Potential  of  In  Situ  Cohc-s  jobless  Material _ 

Performing  Organization  Waterways  Experiment  Station _ _ _ _ _ 

Principal  Investigator  A.  G.  Franklin _ _ _ 

Starting  Year  FY  1979  Estimated  Completion  Year  FY  I0B2 _ 

Technical  Objective:;: 

To  develop  methods  and  procedures  for  the  evaluation  of  the  liquefaction 
potential  of  soils  by  means  of  in  situ  tests,  either  through  empirical  correla¬ 
tions  between  liquefaction  potential  and  data  from  conventional  tests  or  by  the 
development  of  new  devices  to  measure  liquefaction-related  soil  characteristics. 

Technical  Approach: 

The  study  includes  field  and  laboratory  evaluation  of  in  situ  test  devices 
or  methods,  such  as  the  Standard  Penetration  Test  (SPT),  the  Dutch  cone,  and 
the  Vicsa  piezometer  probe,  to  calibrate  their  response  to  liquefaction-related 
soil  characteristics,  including  contraction-dilation  behavior,  shear  strength, 
and  density. 

General  Progress: 

Two  types  of  piezometer  probes  have  been  designed  and  fabricated:  a 
piezometer  probe  and  a  probe  of  the  Dutch  cone  type,  incorporating  sensors  to 
measure  simultaneously  the  end-bearing  load,  side  friction  load,  ana  pore 
pressure  generated  by  the  advance  of  the  probe.  This  has  beeff  called  the 
PQS  probe.  Both  have  interchangeable  points  to  study  the  distribution  of 
pore  pressures  around  the  tip.  The  PQS  probe  has  been  field  tested  and 
procedures  for  routine  field  use  have  been  established. 

Plans  for  Kext  Twelve  Months : 

The  PQS  probe  will  be  field  tested  at  one  or  nore  sites  containing 
cohcsionless  soils  that  have  been  subjected  to  earthquake  shaking  to  cc-psre 
the  response  of  soils  that  did  and  did  not  liquefy.  Laboratory  tests  in 
sand  placed  with  controlled  relative  density  are  contemplated. 
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TOPIC  STATE IENT 


Agency  _  WES _ Priority _ ___  1950  Session  Kucher 

Subject  Area  Earthquake  Engineering 


Project  Title  Remote  Delineation  of  Cavities  and  Discontinue  iec  in  Pock 
(CW1S  3~lW 

Perforating  Organisat  ion  _ WES _ 

Principal  Investigator  Kobert  F.  Ballard,  Jr.  (ETS  t-'F-ECO1 ) 

Starting  Year  FY  V o _ Estimated  Completion  Year  FI  6l 


Technical  Objectives:  To  improve  existing  or  develop  new  test  systems, 
techii.i  ques,  and  analysis  procedures  for  detecting  and  delineating  anomalous 
conditions  in  rock  and/or  soils. 


Techni cal  Approach :  The  study  is  being  conducted  Dy  choosing  two  veil- 
documented  test  sites.  Both  sites,  located  in  the  state  of  Florida,  are  cave 
systems.  Medford  Cave  is  a  mapped  air-filled  labyrinth  which  was  created  by 
solutioning  activity  in  limestone.  The  second  site  is  located  at  Manatee 
Springs  and  as  the  mme  implies  is  a  wet  site  which  has  been  mapped  by  cave 
divers.  Numerous  borings  have  been  placed  at  both  test  sites  in  an  effor.  to 
describe  subsurface  conditions  in  as  accurate  a  manner  as  possible.  Up  to 
25  g  iphysical  techniques  will  be  used,  both  on  the  ground  surface  and  in 
borings  in  an  effort  to  determine  which  techniques  are  most  applicable  to  the 
specific  problem,  their  degree  of  resolution,  relative  economic  conditions, 
advantages,  and  limitations.  Seven  different  egenqies  are  being  used  to 
conduct  tests  at  both  test  sites  so  that  virtually  every  field  of  expertise 
directly  related  to  the  cavity/anomaly  detection  problem  will  have  been 
covered.  Many  of  the  techniques  which  are  presently  being  used  can  be 
improved,  thus  resulting  in  a  more  uniform  measurement  of  in  'tu  soil  properties 
used  for  earthquake  stability  analyses  and  structure  performance  criteria. 

General  Progress:  To  date,  drilling  is  finished  end  approximately  20  geophysical 
methods  have  been  used  at  the  Medford  test  site.  Drilling  has  been  completed 
at  Manatee  Springs  aid  crosshole  electromagnetic  surveys  are  in  the  process  of 
being  completed.  Conventional  downhole  legging  hes  also  been  done. 

Preliminary  results  of  tests  conducted  at  Medford  Cave  indicale  that  certain 
seismic  methods,  microgravity,  surface  electrical  resistivity,  certain  borehole 
and  surface  ground  probing  radar  and  acoustic  resonance  techniques  show  a  great 
deal  of  promise  in  the  detection  and  delineation  of  anomalous  conditions. 
Conceivably,  some  of  the  geophysical  methods  can  be  used  to  detect  areas  where 
potential  sinkholes  are  likely  to  develop  under  earthquake-type  loadings. 

TUa.”".  for  the  next  twelve  months:  Field  testing  will  be1  -omplei  rd  at.  both  t  e.*t 
sites  and  co.  pi  etc  documental  3  on  in  the  fo.  u  of  pre.lii.ii...  y  r«  p.v  to  v.  ii  :  . 
done.  Technology  transfer  is  being  accompli -.bed  onsite  by  eoordiir-.tic  :i  vi\t 
various  agencies  v;bo  lave  a  desire  to  watch  tests  in  progress  which  are  roll  ;t 
to  specific  problem  areas. 
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TOl’IC  STATEMENT 


Agency  Wi’RS _  Priority  _ 1 - 

Subject  Area  Material  Properties _ 

Project  Title  Soil.  Performance  During  Sc-l^nic 

Performing  Organization  WT’HS _ 

Principal  Investigator  L.  P.  Kaufman _ 

Starting  Year  ~ _ _  Estimated 


1989  Session  humhc 


Activity  (E-6) 


Comp le t i on  "ear 


r 


m? 


Technical  Objectives; 

To  improve  capabilities  in  determining  dynamic  properties  and  cyclic  strength  for 
various  soil  conditions  for  earth  and  earth-supported  structures.  These  capa¬ 
bilities  are  needed  in  the  investigation  of  the  safety  of  existing  structures  and 
in  the  design  of  safe  and  economical  new  structures. 


Tech nical  Approach : 

Various  soil  types  and  conditions  will  be  tested  in  the  laboratory  using  a  variety 
of  dynamic  testing  equipment.  The  results  of  these  tests  will  be  used  to  determine 
how  differences  in  soil  properties  and  cyclic  strengths  affect  the  stability  of 
structures  and  foundations.  As  appropriate  test  apparatus,  procedures,  and 
methods  of  analysis  will  be  developed  and  improved. 

Go ' ^eral  Progress : 

The  effects  various  methods  of  test  and  test  apparatus  have  on  measured  dynamic 
properties  and  cyclic  strengths  are  being  investigated.  Work  has  continued  for 
determining  the  effects  of  soil  type,  gradation,  and  specimen  type  and  size  on 
measured  dynamic  response  properties. 


Plans  for  Next  Twelve  Months: 

Work  will  continue  toward  investigating  the  effects  of  gradation  and  specimen 
size  on  both  dynamic  properties  and  strength.  A  program  will  be  conducted  to 
research  the  effects  methods  of  scalping  for  modeling  field  gradations  have  on 
dynamic  response  parameters.  Another  program  will  investigate  the  comparative 
dynamic  strengths  of  a  series  of  standard  sand  specimens  reconstituted  with 
increasing  percentages  of  silt  as  tested  in  the  cyclic  triav.ial  apparatus. 
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TOPIC  STATEMENT 


Aj.t-n ty  _ '■'■’PS _  Priority  _  1980  Session  Member 


Subject  Area  Soils  -  Earthquake _ _ 

h. eject  Title  In  Situ  Shear  Wave  Velocity  Measurements  for  Elastic.  Moduli  Determinations 
Performing  Organization  NPRS _ 

Principal  Investigator  A.  Viksne _ 

Sin-ting  Tear _ FY / 4 _ Estimated  Completion  Year  Continuing _ 

lec.unical  Objectives  : 

The  objective  of  this  program  is  to  evaluate  various  geophysical  exploration  methods 
for  obtaining  the  shear  wave  velocity  of  materials  which  is  used  as  a  means  for 
determining  the  in  situ  and  en  masse  elastic  properties  of  earth  structures  and 
materials  as  well  as  the  foundation  and  constituent  soils.  The  elastic  moduli 
a;.:*  required  as  input  parameters  in  advanced  finite  element  programs  for  dynamic 
analysis  of  earth  dams  and  in  the  evaluation  of  liquefaction  potential  of 
engineering  works  sites. 

Technical  Approach: 

A  number  of  geophysical  exploration  methods  for  obtaining  shear  wave  velocity  such 
as  the  borehole  methods  (primarily  down  hole,  and  cross  bole)  as  well  ;  s  geophy¬ 
sical  .borehole  logging  have  been  tested  under  a  variety  of  field  conditions. 

Field  tests  included  the  use  of  cased  and  uncased  rcholes  and  the  use  of  explosive 
and  nonexplosive  energy  sources. 

General  Progress: 

To  date,  shear  wave  velocity  measurements  have  been  perforred  on  more  than  ten 
different  sites  using  a  variety  of  techniques.  The  re  .-nits  of  some  of  these  te;  ts 
have  been  summarized  in  a  report  REC-ERC  76-6,  April  1976.  Additional  tests  were 
performed  by  contract  and  the  results  will  be  available  sometime  in  1980. 

Plans  for  Next  Twelve  Months: 

Future  work  will  include  design  and  -testing  of  different  systems  for  using  nonexpl osive 
and  reversible  impact  energy  sources  in  the  borehole  methods  as  well  as  further 
research  on  utilizing  geophysical  borehole  logging  technique.®  for  obtaining  continuous 
in  situ  shear  wave  velocity  values  and  subsequently  shear  modulus. 


I 


i 


EARTHQUAKE  ENGINEERING  RESEARCH 
STRUCTURES 


i! 
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TOPIC  STATEMENT 

Agency _ IVA _  Priority. _ J_ _  1978  Session  1,'unbsr  _ 

Subject  Area  Earthquake  Engi nec-ring _ __ 

Project  Title  Shorn:  Properties  Used  in  Scisir.ic  Analysis  of  Structures 

Performing  Organization  TVA  _ _ _  _ 

Principal  Investigator  Dennis  Carlin,  ,lr. 

Starting  Year  FYSO _ Estimated  Completion  Year  _ TV  81 

Technical  Objectives;  To  evaluate  the  three  methods  (1)  thin  veil  theory, 

(2)  rigidity  method,  and  (3)  finite  elements  method  for  calculating  shear 
properties  (area,  shear  center,  shape  factors)  for  use  in  seismic  analysis 
of  nuclear  power  plant  structures.  The  study  will  consider  prinarily  structures 
with  small  height  to  width  (aspect)  ratios  and  open  sections. 


Technical  Approach:  First,  a  literature  search  will  be  conducted.  Ke>;t,  a 
comparison  of  the  results  of  analysis  using  the  three  methods  found  in  the 
literation  search  will  be  made.  Finally,  additional  analyses  of  structures 
will  be  performed  as  required  to  complete  the  evaluation  of  the  three  methods. 


General  Progress:  The  library  search  is  presently  in  progress.  In  particular 
material  which  pertains  directly  to  seismic  analysis  of  power  plant  structures 
is  being  collected  and  evaluated. 


Plane  for  Twelve  lionhhr.:  The  project,  as  outlined  under  Technical 

Objective';,  will  bo  completed  by  December  1980. 


1-19 


J,  gency  TV  A  Priority _ _ _  19, "3  Session  lhs_ber 

Subject  7a' e a  Kn r tlmnake  Eng i neer  in;; _ _ 

Project  Title  Dam  Stability  via  Energy  Balance 

Perform  rig  Organization  tva  -  i:n  dks  -  C£B _ 

Principal  Investigator  Norman  I£.  Stone _ _ ■’ 

Starting  Year  TV 7 9 _ _  Estimated  Ccrrpletrcn  Year  py  0  / 

Technical.  Objectives:  To  develop  a  Simplified  technique  to  determine  the 
structural  stability  of  dam  and  lock  section  v.hc-n  excited  by  an  earthquake. 
Method  will  be  developed  to  adequately  represent  surrounding  media. 


\ 


Technical  Atroroach:  To  further  develop  simplified  method  now  being  used  and 
to  correlate  result;;  with  a  more  complex  nonlinear  computer  analysis. 


General  Progress:  Considerable  technical  library .  research  has  been  made  on 
this  method.  The  stability  of  some  typical  lock  sections  has  been  evaluated 
to  show  them  to  be  stable. 


Plans  for  Itext  Twelve  Months :  if  possible,  the  computer  correlation  v?ill  jj 

be  initiated.  I 
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•TOPIC  STAY [YdflN'T 


/^,:.r  -y _  TVA _ Priority _ 1979  -S on  K'i -.Tiber  ________ 

■•.cl  Aren _ Earthtiuo*  n  EnrAncor*  nr: _ _ _ _ _ 

P- cl  Title  Efitictr-  of  Eiricd  Pipe  JireaHs  _ _ _  _  • _ 

Yrforming  Orsnuization^JHvll . g*ri>'gcr.l%Li££S& _ . _ 

Principe!  Investigator  Dr.  F. H .  lland,-D.  An-Bant-w-  C .  /</,  Sur> _ _ _ 

•  77j?0 

Eits-iinj  Year  CY  1979 _ _  Estimated  Completion  Year 

Technical  Object''  rs: 

i'o  determine  the  efi  cts  of  a  break  in  a  buried  pipe  and  the  ensuing  washout  on 
tny  adjacent  structures  or  features. 


Technical  Approach: 

The  general  approach  is  to  determine  the  limiting  size  of  the  cashout  for  a  given 
pipe  size,  flow  rate,  and  ourial  depth.  This  litai  t-in^  size  as  determined  by 
calculating  how  large  the  diffusion  of  the  jet  of  water  must  be  so  the  velocity 
of  the  water  at  the  edge  of  the  washout  is  less  than  the  critical  velocity  required 
for  soil  particle  transport. 


General  Progress: 

One  specific  set  of  conditions  has  been  considered. 


Plans  For  Mtxi  Twelve  Months: 


V  o  irr.rv  i  fie  c:>:-r.  will  be  considered.  The 
developed  for  determi sing,  the  limiting  washout 


a  geneva!  procedure  will  be 
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|  TOPIC  STATDIK’CT 

! 

Agency  _  CJi _ Priority _ 1  9£D  Session  Xu— her 


Subject  Aren  _ Earthquake  F.ngi  neeri  np, _ _ _ 

rrojecl  Title  Seismic  Response  of  Concrete  Daws  and  Appnrtormnt  Structures 
Per  forming  Organiz.U  i  on  V.’P.S _ _  _  ______ 


Principal  Investigator  Paul  Mlakar  (FTS  542-3365)  _ _  _ _ _ 

Starting  Year _ FY8J _  Estimated  Completion  Date _ FY RA _ 

Technical  Objectives:  To  determine  the  coupled  nonlinear  response  of  the  con¬ 
crete  dam-i eservoir-foundation  system  to  earthquake  ground  shaking  and  to  prac¬ 
tically  revise  the  Corps  criteria  for  the  seismic  analysis  of  concrete  dams  and 
appurtenant  structures  in  accordance  with  this  determination. 

General  Approach:  This  work  simultaneously  involves  studies  to  define  the  ef¬ 
fects  of  the  least  understood  variables  on  seismic  respon  ,r  as  well  as  the  usable 
modification  of  design  criteria  consistent  with  knowledge  already  gained  about 
the  effects  of  other  variables  on  seismic  response.  Thus,  the  criteria  are  note 
being  modified  to  reflect  an  increased  understanding  of  the  locally  expected 
earth-;,  -he  motion  and  the  dynamic  response  of  the  structure-reservoir  system. 
Parametric  studies  are  now  planned  to  similarly  reduce  the  results  of  recently 
developed  foundation  effects  models  to  a  field  usable  form.  At  the  same  time, 
nonlinear  analyses,  dynamic  material  property  experiments,  contiolled  model  tests 
and  necessarily  limited  prototype  experiences  are  being  exploited  to  gain  an 
understanding  of  the  structure's  nonlinear  response  to  strong  ground  motion.  A 
probabilistic  study  is  also  proposed  to  derive  design  criteria  consistent  with 
a  desired  level  of  reliability  for  these  structures.  The  transfer  of  this  tech¬ 
nology  is  further  aided  by  numerous  consultations  by  the  investigators  to  District 
offices  having  unique  seismic  problems.  This  process  is  also  assisted  by  the 
inv  tigators  teaching  separately  funded  short  courses  "Fundamentals  of  Dynamic 
Analysis  for  Earthquake  F.ngineer ing"  and  "Earthquake  Analysis  of  Gravity  Dams 
and  Appurtenant  Structures." 

Plans  for  Next  Twelve  Months:  The  design  criteria  for  intake  towers  will  be  re¬ 
vised  to  reflect  an  increased  understanding  of  the  locally  expected  earthquake 
motion  and  the  dynamic  response  of  the  structure-reservoir  system.  Parametric 
analytical  studies  will  be  made  of  the  interaction  among  the  dem-rer.ervoir- 
foundation  system  during  a  seismic  excitation.  A  theoretical  model  will  ),r 
developed  to  describe  the  recently  obtained  experimental  data  for  the  dynamic, 
biaxial  behavior  of  concrete.  This  model  will  then  be  used  in  parametric, 
analytical  studies  of  the  nonlinear  behavior  of  a  concrete  gravity  dam  durinc 
extreme  ground  shaking. 


TOPIC  STATEMENT 


A;.  ,i,.v  V’l’K'J  Priority  _ 1 _ _  19E0  Session  Number _ _ 

Subject  Area  H,  no  rial  Properties _ _ _ 

Project  Title  Dvn.imir  Pronori  i po  of  Concrete  f r>*t  —  1  ?  1 - _ - - 

Performing  Organizat  ion  _ 

Princijal  Investigator  P.  0.  Jackmauh _ ___ _ _ _ 

Starting  Year  F»"/i _ __  Estimated  Completion  Year  FYS4 _ 

Technical  Ob j e c t i vc s : 

Tests  on  large  concrete  specimens  subjected  to  sinusoid',!  vibrations  of  various 
frequencies,  cycling  in  tension  and  compression,  are  , .rforrted  to  give  stress, 
strain,  and  time  relationships.  Designers  are  not:  using  a  dynamic  analysis  compute 
program  to  predict  strain-time  values  on  structures  subjected  to  vibrations.  At 
present,  only  static  uniaxial  modulus  information  is  available  for  the  computer 
program  and  dynamic  biaxial  test  results  on  mass  concrete  arc  required. 

Technical  Approach: 

Test  specimens  are  epoxied  into  a  vertical  test  frame  with  a  reactor  and  lead 
cell  providing  force  and  feedback.  A  horizontal  force  trill  r Iso  be  applii  to 
the  specimen.  Strain  gages  will  be  cast  into  the  concrete  to  measure  st.ra..s.  in. 
the  orthogonal  stress  fields,  and  monitored  during  ter'.ing,  recording  each  gage's 
output.  A  minicomputer  will  be  used  for  load  control. 

General  Progress'. 

Uniaxial  tests  have  been  performed  on  several  series  of  concrete,  specimens.  The 
report  is  being  prepared.  A  load  frame  for  biaxial  tests  has  been  procure'., 
assembled  and  checked  for  dimensional  tolerances.  Six  test  specimens  with 
embedded  strain  gages  are  ready  for  testing.  Report  Ko.  CR-80-3  on  the  design 
of  the  biaxial  test  system  is  being  printed. 

Plans  for  Next  Twelve  Months: 

D;  ’  a  acquisition  and  load  control  programs  using  an  hP9fc25  computer  will  be 
developed,  and  initial  dynamic  tests  will  be  conducted. 
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TOl’lC  STATEMENT 


Priority  _ 1 _  1980  Session  Humber 


Subject  Area  St  rue  I  urn!  Behavi  or _ _ 

Project  Title  _Sj  >~uctural  Hydrodynamic  Studies  (113  —  1 S ) _ _ 

Performing  Organization  WPRS  -  E6.R  Center _ _ _ 

Principal  Investigator  P.  J.  Jackmauh _ _ _ 

Starting  Year  FY76 _  _  Estimated  Completion  Year  FY 84 _ 

Technical  Objectives: 

To  provide  answers  to  the  following  questions:  (1)  How  is  the  cflective  mass  of 
water  attached  to  a  dam  determined  when  a  dam  is  subjected  to  vibratory  motion, 
and  how  does  it  affect  the  dynamic  characteristics  of  the  dam  at  various  modes  of 
vibration?  (2)  How  applicable  are  analytical  techniques  used  to  design  arch 
dams  for  hydrodynamic  effects?  (3)  What  method  of  investigating  hydrodynamic 
effects  might  be  the  most  suitable  for  future  consideration  and  study? 

Technical  Approach: 

The  program  has  several  phases  as  follows:  (1)  Parameters  to  be  investigated  for 
analytical  techniques  in  designing  dams  will  be  established.  (2)  A  simple  dam 
model,  such  as  a  vertical  plate,  will  be  constructed  and  tested.  Experimental 
results  from  these  tests  will  be  compared  with  results  frem  analytical  techniques. 
(3)  When  analytical  solutions  satisfactorily  describe  the  behavior  of  the  experi¬ 
mental  model,  another  model  with  a  vertical  face,  but  curved  horizontally,  vi]' 
be  built  and  tested.  Again,  analytical  solutions  will  be  compared  with  model  test 
results.  Depending  on  the  outcome  of  the  work  at  this  stage,  further  testing 
and  analytical  evaluation  may  be  performed  to  determine  effects  of  foundation 
shape.  An  analytical  and  experimental  model  of  an  actual  den  may  be  used  for 
this  phase.  Experimental  and  analytical  work  will  be  closely  coordinated. 

Ccneral  Proc i ess : 

Parameters  to  be  investigated  have  been  established.  A  computer  program  incorpora¬ 
ting  hydrodynamic  pressure  procedures  into  the  Service's  Arch  Dan  Analysis  program 
has  been  procured  and  partially  modified.  Vibration  test  equipment  has  been 
checked  out  and  the  fixture  to  couple  the  actuator  to  the  mold  has  been 
manufactured  and  expect  delivery  August  1980. 

Pie1  .s  for  Next  Two? vc  ? ' onths : 

The  equipment  components  will  be  assembled  and  the  dynamic  response  of  the  fixture 
determined  under  frequencies  up  to  300  Hz.  The  performance  will  be  cor, pa-  t0 

the  dynamic  response  analyses  performed  on  the  fixture  design.  If  satis'  :ory, 
tests  on  the  simple  d tin  model  will  be  started. 
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TOPIC  STATEMZM 


Agency  hTP.S _ Priority  _ _  1580  Sets j on  Number  _ 

Subject  Area  _ Structural  Behavior _ 

l'l  eject  Title  Behavior  of  Concrete  Dan::;  Following  Te' tonic  Fault  Displacement  (LlF-l) 

Performing  Organization  WHS  -  University  Contractor _ 

3.  ucipnl  Investigator  1C.  J.  Dreher _ 


Starting  Year  yvn: _ Estimated  Completion  Year  py p -> _ 

To  dm  ical  Objectives  : 

To  determine  the  abi 1 1  ty  of  concrete  gravity  and  arch  dams  to  withstand  signi¬ 
ficant  fault  displace:,  nts  in  their  foundations.  Components  of  normal,  reverse, 
and  strike-slip  faulting  will  be  considered,  and  the  effects  of  contraction 
joints  evaluated.  Performance  of  concrete  dams  following  fault  displacements 
for  static  loading  conditions  in  combination  with  earthquake  ground  accelerations 
will  also  be  assessed. 

Technical  App roach : 

A  simple  two-tlitnonsi-- >al  model  of  a  gravity  den  Section  including  its  reservoir 
an  foundation  will  be  constructed  on  a  large  shaking  table.  Idealized  fault 
displacement  will  be  simulated  by  providing  a  foundation  bloc);  which  can  be  displaced 
relative  to  the  rest  of  the  model.  Structural  response  to  f.  j It  displacement  and 
earthquake  ground  acceleration  including  hydrodynamic  effects  will  be  investigated 
separately  and  in  combination.  The  modeling  techniques  developed  will  be  extended 
to  three  dimensions  and  a  gravity-arch  or  arch  dan  modeled  including  several 
contraction  joints  and  various  inodes  of  fault  displacement.  The  response  to 
fault  displacement  and  ground  acceleration  will  again  be  studied  separately  and 
in  combination.  Along  with  these  physical  model  studies,  analytical  techniques 
to  mathematically  r. ulcl  fault  displacements  and  subsequent  structural  behavior 
will  also  be  developed. 

General  Progress: 

The  physical  modeling  portion  of  this  work  will  be  perfen.d  under  contract  by  a 
structural  mechanics  laboratory  having  a  large  shaking  table  (at  least  6  n  square) 
capable  to  excitation  frequencies  on  the  order  of  50  Hz. 

Plans  for  Next  Twelve  Months : 

The  contract  for  the  model  studies  will  be  awarded  and  the  dimensional 
studies  completed.  Techniques  for  constructing  the  three-dimensional  models 
including  contraction  joints  will  also  be  developed. 


1-25 


topic;  statement 


Agency  T'.'A _ Priority _ 19S0  Session  Number _ _ _ 

Subject  Area _ _ _ 

Project  Ti  tie  Location  end  Description  of  Faults  in  the  TV.  Re-'ion _ _ _ 

Performing  Organization  Geologic  Services  Group  -  Civil  Enrincr-rin;.’  "nrl  ---nnrh 

Principal  Investigator  Robrjrt  J  ,  Floyd _ 

S  tat  t lag  Year  _ l_‘.7_r> _  Estimated  Completion  Year  _ 1981  _ 

Technical  Objectives:  The  objective  is  to  assemble  and  coordinate  all  available 
information  on  faults  in  an  area  that  includes  all  or  parts  cf  11  states  in  and 
around  the  Tennessee  Valley  region. 


Technical  Approach:  All  available  published  and  open-file  data  have  been  researched 
and  used  to  plot  faults  on  standard  1:500,000  USCS  base  maps  for  each  state.  Each 
fault  on  the  maps  h  s  been  assigned  an  identification  number,  which  is  keyed  to  a 
fault  data  card  which  summarizes  information  on  type  of  fault,  length,  strike  and 
dip,  displacement,  age,  and  pertinent  references.  References  cited  are  compiled  as 
lists  for  individual  states. 

General  Progress:  All  faults  have  been  plotted  on  manuscript  maps  and  are  now 
being  scribed  in  final  form.  Fault  data  cards  and  reference  lists  have  been 
prepared  and  have  undergone  preliminary  edit. 


Plans  For  Next  Twelve  Months:  Scribed  fault  maps  will  be  reviewed  for  accuracy, 
and  identification  numbers  will  be  added.  Fault  data  cards  and  reference  lists 
will  be  computerized.  State  geological  surveys  will  be  consulted  where  necessary 
to  assist  in  resolving  questions  on  fault  data,  and  will  be  given  the  opportunity 
to  review  the  final  map  and  data  for  their  state. 
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LOCATION  AND  DESCRIPTION  OF  FAULTS 
IN  THE  TVA  REGION 

INTRODUCTION 

In  1975  the  Geologic  Services  Branch  of  the  Division  of  Water  Management 
(now  Geologic  Services  Group  of  the  Civil  Engineering  and  Design  Branch, 

Division  of  Engineering  Design)  began  compilation  of  fault  maps  of  individual 
states  in  the  TVA  region.  The  principal  objective  was  to  have  readily  available 
documentation  for  all  faults  within  a  200-mile  radius  of  any  existing  or 
potential  TVA  nuclear  power  plant  site.  Because  of  staff  limitations  and  the 
pressure  of  deadlines  for  the  completion  of  high-priority  projects,  the  fault 
study  was  destined  to  be  an  intermittent  investigation,  with  compilation  done 
mostly  by  scientific  cooperative  students  under  the  supervision  of  staff 
geologists . 


TECHNICAL  APPROACH 

All  available  published  and  open-file  data  were  evaluated  and  used  as  sources 
to  plot  faults  at  1:500,000  scale.  Negatives  of  USGS  state  base  maps  were 
obtained  and  used  to  prepare  stable  blueline  mylars  on  which  the  faults  were 
plotted  in  pencil. 

Each  fault  was  assigned  a  key  identification  number,  beginning  with  number  1 
in  each  state.  Documentation  for  each  fault  was  recorded  on  fault  data  cards, 
which  begin  with  the  name  of  the  fault  (if  any)  and  the  key  identification  number 
(each  number  is  preceded  by  state  abbreviation  letters,  such  as  AL  14).  Other 
parameters  on  the  fault  data  cards  are  reference  (text  material),  map  reference, 
location,  type  (of  fault),  local  length  (length  within  the  state),  total 
length  (includes  extent  outside  the  state),  strike,  dip,  displacement,  age,  and 
remarks . 

Compilation  of  data  was  based  on  state  and  federal  published  maps  and  reports, 
open-file  materials,  theses  and  dissertations,  and  journal  articles.  Some  of 
the  research  required  conferences  with  state  geological  survey  an>>  university 
personnel . 


1-10 


GENERAL  PROGRESS 


Compilation  copies  of  all  state  maps  have  been  refined  by  professional  scribing 
of  fault  traces.  Number  identification  overlays  for  all  states  are  almost  complete. 
The  scribed  fault  traces  and  corresponding  number  identification  overlays  will 
soon  be  composited  with  screened  base  maps  to  provide  proofs  for  review. 

PLANS  FOR  NEXT  12  MONTHS 

Information  on  fault  data  cards  and  bibliographic  reference  lists  will  be 
entered  into  a  computer.  Printouts  and  map  proofs  will  be  provided  to  state 
geological  surveys  for  review  and  consultation  on  resolving  questions  for 
final  presentation.  Concurrently,  TVA  geologists  will  perform  their  final 
review  and  editing. 

This  series  of  maps  and  the  accompanying  documentation  data,  when  completed, 
will  represent  a  unique  set  of  detailed  fault  information  not  available 
from  any  other  source.  Plans  for  reproduction,  distribution,  and  availability 
to  the  general  public  have  not  been  finalized. 

SUMMARY  BY  STATES 

The  following  paragraphs  indicate  the  extent  of  the  study  area  for  each  state, 
number  of  faults  documented,  and  principal  sources  and  reliability  of  data. 

Large  areas  that  contain  few  if  any  faults  are  discussed  and  evaluated, 
and  correlation  of  faults  across  state  lines  is  summarized. 

Alabama 

Because  the  limits  of  the  study  area  were  not  established  at  the  time  of 
compilation,  information  was  gathered  for  essentially  the  entire  state. 

Two  hundred  sixty-one  faults  were  catalogued,  69  of  which  remain  unverified. 
Information  was  acquired  mostly  from  state  and  federal  geological  publications, 
and  to  a  lesser  degree  from  theses  and  dissertations.  Most  of  the  unverified 
listings  were  acquired  from  an  unpublished  map  (1:250,000)  and  report  compiled 
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by  the  Geological  Survey  of  Alabama  (Self  and  others).  Personal  communication 
accounts  for  a  lesser  but  still  significant  amount  of  information,  especially  for 
details  unavailable  from  publications. 


A  decision  was  made  to  show  faults  outside  the  southern  boundary  of  the  study 
area,  most  of  which  are  younger  faults  and  some  of  which  reportedly  are 
still  active.  The  apparently  unfaulted  belt  which  trends  northwestward  across 
the  central  part  of  the  state  coincides  with  the  outcrop  of  Cretaceous  formations 
which  overlie  the  Paleozoic  rocks  in  which  most  Alabama  faults  have  been 
mapped.  Faults  undoubtedly  are  present  beneath  Cretaceous  formations  of  the 
Coastal  Plain,  but  their  location  and  extent  have  not  been  documented  in 
publications.  Lack  of  source  information  also  accounts  for  apparently 
unfaulted  areas,  especially  in  the  east-central  part  of  the  state. 

Faults  that  cross  the  state  lines  into  Tennessee,  Georgia,  and  Mississippi 
show  fair  to  good  correlation  with  corresponding  faults  in  the  adjoining  states. 

Georgia 

Approximately  the  north  half  of  Georgia  is  included  in  the  study  area.  Eighty-five 
faults  or  groups  of  faults  have  been  catalogued.  For  map  locations,  the  1976 
Geologic  Map  of  Georgia  (scale  1:500,000)  was  relied  on  almost  entirely.  Text 
references  were  derived  from  state  and  federal  publications,  some  from  adjoining 
states . 


Large  apparently  unfaulted  areas  within  the  Piedmont  reflect  the  difficulty  in 
determining  characteristics  of  faults  here,  as  in  the  Piedmont  of  Alabama,  the 
Carolinas,  and  Virginia. 

Matching  of  faults  across  state  lines  indicates  fair  to  good  agreement  along 
the  Alabama  and  Tennessee  borders,  and  poor  to  very  poor  along  the  North 
Carolina  and  South  Carolina  borders. 
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I llinois 


Within  the  study  area,  which  extends  125  miles  northward  from  the  southern  tip 
of  the  state,  78  faults  have  been  documented.  The  principal  map  reference  was 
the  Preliminary  Seismotectonic  Map  of  the  Central  Mississippi  Valley  and  Environs 
(1978),  at  the  convenient  scale  of  1:500,000,  by  Heyl  and  McKeown.  Where  similar 
information  from  other  sources  showed  minor  differences  in  the  location  of  a  trace, 
a  compromise  location  was  necessary.  If  the  variation  in  location  was  t  i  for 

a  compromise,  the  Heyl  and  McKeown  map  was  used  as  the  primary  map  referee  ind 

the  other  source  as  the  secondary  reference.  Sources  which  show  smaller  3reas  in 
greater  detail  are  referenced  under  "Remarks"  on  the  fault  data  cards. 

Illinois  faults  that  extend  into  Kentucky  and  Indiana  generally  match 
satisfactorily  with  the  corresponding  faults  in  the  adjoining  states. 

Indiana 

The  study  area  includes  that  portion  of  the  state  south  of  the  latitude  of 
Bloomington.  Eight  faults  have  been  catalogued,  all  along  the  state  lines 
adjoining  Illinois  and  Kentucky.  Most  of  the  study  area  appears  to  be  devoid 
of  faults,  which  may  be  a  true  representation  or  may  be  the  result  of  incomplete 
mapping.  It  is  likely  that  more  faults  exist  here,  especially  in  the  southwestern 
portion  of  the  area. 

Because  very  little  detailed  geologic  mapping  has  been  done  here,  compilation 
data  were  obtained  mainly  from  geologic  publications  for  the  adjoining  states. 

No  personal  communications  about  faults  in  this  area  were  received  during  the 
compilation,  and  there  have  been  no  further  attempts  to  acquire  unpublished 
data . 

Kentucky 

The  entire  state  of  Kentucky  is  included  in  the  study  area.  Three  hundred 
fifty-seven  faults  and  portions  of  faults  were  catalogued.  Most  of  these  laults 
were  acquired  from  Kentucky  Geological  Survey  1:250,000  fault  maps,  which  had 
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been  compiled  by  reduction  of  fault  traces  shown  on  modern  7-1/2  minute  geologic 
quadrangle  maps  (scale  1:24,000).  Recent  Kentucky  Geological  Survey  1:250,000 
oil  and  gas  maps  were  used  as  a  source  of  some  faults  not  shown  on  7-1/2 
minute  geologic  quadrangle  maps,  but  many  of  these  faults  are  questionable  and 
are  so  indicated  on  the  fault  data  cards. 

Large  areas  of  Kentucky  that  contain  few  if  any  faults  are  realistic,  having 
been  adequately  covered  by  detailed  mapping,  and  are  continuous  with  similar 
adjoining  areas  in  Tennessee  to  the  south. 

Faults  that  cross  state  lines  generally  show  satisfactory  correlation  with 
corresponding  faults  in  Tennessee  and  Illinois. 

Mississippi 

The  study  area  included  only  the  north  half  of  Mississippi.  Eighty-five 
faults  were  plotted  and  documented.  The  1969  Geologic  Map  of  Mississippi 
(scale  1:500,000)  was  too  generalized  to  be  of  much  help  in  this  study. 

State  geological  survey  reports,  especially  county  reports  and  bulletins, 
were  the  source  for  most  fault  traces  shown,  but  lack  of  a  consistent  map 
scale  in  these  reports  made  compilation  difficult. 

The  map  shows  several  apparently  unfaulted  areas,  especially  in  the  southern 
and  western  parts  of  the  study  area.  Some  of  these  areas  are  in  counties  for 
which  information  either  does  not  exist,  or  is  unpublished  and  not  readily 
available.  Other  areas  are  underlain  by  very  recent  sediments  in  which  faults 
are  very  difficult  to  find,  and  in  these  areas  the  situation  is  also  complicated 
by  the  difficulty  in  distinguishing  between  faults  and  slumps.  Dr.  E.  E.  Russell 
of  Mississippi  State  University  was  especially  helpful  in  clarifying  the 
status  of  questionable  faults. 
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Oil  and  gas  exploration  has  led  to  a  general  knowledge  of  subsurface  geologic 
structure  in  Mississippi,  and  many  subsurface  faults  identified  during  exploration 
may  or  may  not  have  a  surface  expression.  No  attempt  has  been  made  to  differentiate 
on  the  map  between  traces  of  mapped  surface  faults  and  known  subsurface  faults. 

Such  distinctions  are  made  on  the  fault  data  cards. 

Several  faults  were  found  to  be  partly  in  Mississippi  and  partly  in  Alabama, 
and  for  these  faults  it  was  necessary  to  reference  data  from  both  states.  No 
faults  were  noted  that  crossed  the  state  line  between  Mississippi  and  Tennessee. 

North  Caroli na 

Eighty-eight  faults  or  groups  of  faults  have  been  plotted  and  catalogued  within 
the  area  of  this  study,  which  covers  the  west  half  of  the  state.  Some  were  taken 
from  the  1958  Geologic  Map  of  North  Carolina  (scale  1:500,000),  but  other  state 
and  federal  publications  and  maps  have  provided  most  of  the  information. 

Many  relatively  large,  apparently  unfaulted  areas  can  be  seen  on  the  map,  and 
this  is  undoubtedly  the  result  of  inadequate  information.  The  Piedmont  province, 
because  of  the  nature  of  the  geologic  structures  involved,  obviously  contains 
numerous  faults  which  have  not  been  recognized  and/or  mapped. 

Faults  that  crossed  state  lines  generally  did  not  correlate  satisfactorily  into 
South  Carolina,  Virginia,  or  Georgia  but  in  most  places  matched  satisfactorily 
with  adjoining  faults  in  Tennessee. 

South  Carolina 

Forty-six  faults  have  been  documented  in  the  study  area,  which  covers  the  north¬ 
west  half  of  the  state.  Most  of  the  faults  were  referenced  to  readily  available 
state  and  federal  publications  and  journal  articles.  Some  were  obtained  from 
M.S.  theses  at  the  University  of  South  Carolina  and  from  discussions  with  state 
geological  survey  personnel. 

Faults  that  crossed  state  lines  into  Georgia  and  North  Carolina  generally  did 
not  match  the  corresponding  faults  in  those  states. 
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Tennessee 


The  entire  state  of  Tennessee  is  included  in  the  study  area.  Three  hundred 
eighty  faults  or  groups  of  faults  have  been  plotted  and  documented.  Most  of 
the  faults  shown  have  been  compiled  from  the  Geologic  Map  of  Tennessee  (1966), 
scale  1:250,000,  modified  where  necessary  by  more  recent  or  more  detailed 
mapping.  Other  state  and  federal  publications  were  also  consulted,  especially 
for  the  eastern  part  of  the  state  along  the  North  Carolina  border.  Theses  and 
dissertations  were  also  used  as  sources. 

Large,  apparently  unfaulted  areas  can  be  seen  on  the  map  in  the  Mississippi 
Embayment  of  west  Tennessee,  where  Cretaceous  and  younger  sediments  which 
contain  very  few  known  faults  overlie  Paleozoic  rocks  which  are  believed  to 
be  extensively  faulted.  Central  and  east-central  Tennessee  contain  large, 
apparently  unfaulted  areas  which  extend  to  the  western  Cumberland  escarpment. 
Because  this  part  of  Tennessee  has  the  best  detailed  map  coverage,  the  scarcity 
of  faults  is  real  and  not  just  apparent. 

Edge  matching  along  state  lines  showed  good  correlation  with  Kentucky,  Virginia 
and  Georgia,  and  moderate  to  good  correlation  with  North  Carolina  and  Alabama. 
No  faults  are  shown  that  cross  the  Tennessee-Mississippi  line. 

Virginia 


The  study  area  extends  for  approximately  300  miles  northeastward  from  the 
southwest  tip  of  the  state.  One  hundred  ninety-five  fault  traces  and  portions 
of  traces  were  plotted  and  catalogued.  Some  of  the  long,  complex  faults  that 
have  different  names  and  characteristics  along  various  segments  of  their 
length  have  been  assigned  more  than  one  identification  number. 

Sources  used  included  the  1963  Geologic  Map  of  Virginia  (scale  1:500,000), 
state  and  federal  publications,  county  reports,  and  theses  and  dissertations. 
Personal  communication  was  also  a  source  of  numerous  references. 
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Faults  that  cross  the  state  line  generally  do  not  match  well  with  corresponding 
faults  in  North  Carolina.  This  no  doubt  is  the  result  of  incomplete  mapping,  which 
probably  also  accounts  for  the  apparent  lack  of  faulting  in  Franklin  and  Bedford 
Counties.  Virginia  faults  closely  match  most  corresponding  faults  across  the 
state  line  in  Tennessee. 


1 
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Tone  STATEMENT 


,oncy 


TV  A  i'riority 


19 SO  Session  Nu.  .bor 


Subject  Aren _ _ 

Pi  eject  Title _ Seismicity  of  the  Southeastern  1'.  S. _ _ 

Perf  orning  Orgnuizali  on  Ceologic  Services  -  Civil  Design  Branch _ 

Principal  Investigator  Donald  J.  Re  inbold _ _ _ _ _ _ 

Starting  Year  _ 1077 _  Estimated  Completion  Year _ 198J - 

Technical  01  jcc.tivcs:  To  compile  a  complete  and  consistent  h- ;■  t or i ca  1  earthquake 

datn'base  fin  ‘the  ‘southeast  U.  S.  (south  of  39  degree;  north  latitude)  to  be  used 
in  seismic  hazard  evaluations. 


Technical  Appro a eh :  N / A 

1 


General  Progress:  A  completed  earthquake  listing, including  reference  material,  is 
available  for  the  southeast  11.  S.  east  of  87  degreosweet  longitude  exclusiv,  of  th 
Char] eston-Summnrvill e ,  South  Carolina  area. 


Plans  For  Next  Twelve  Months:  Addition  of  data  between  87  degrees  and  9?  degrees 
west  longitude  which  includes  the  New’  Madrid  earthquake  zone;  add  d.ta  foi 
Charleston-*  ummerville. 
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TOPIC  STATL"Z::? 


Priority  _  3930  Session 


Earthquake 


Project  Title _ Strong-Motion  Instrumentation  Pror.r.--. 

Performing  Organization  USAE  WES _ 

Principal  Investigator  _ P.  F.  Ballard,  -~r.  ,  k  F.  K. 


Starting  Year  PY  73 _ Estimated  Completion  Year  Cor  tinainr 

Technical  Objectives:  1 

To  obtain  data  on  the  nature  of  strong  ground  notion  resulting  from  earthquakes 
and  the  performance  of  structures  (dams)  subjected  to  earthquake  loading. 

Technical  Approach : 

The  CE  is  continually  upgrading  its  strong-rot  ion  instrumentation  program  by 
replacing  existing  old  instrumentation  with  new  units,  modifying,  instrumentation 
systems  and  skelters  to  utilize  solar  cells  for  battery  charging,  and  time  code 
generators.  Emphasis  is  currently  being  placed  on  deletion  ol  interconnection 
of  instruments  for  common  starts.  Numerous  malfunctions  resulting  in  battery  ar.d 
film  depletion  in  all  instrum'  .ts  or  a  common  circuit  suggest  that  time  code, 
in  lieu  of  WifVB  or  interconnection,  will  present  a  better  alternative. 

General  Progress : 


A ; ,  c  n  c  y  V.'ES 

Subject,  Area 


The  CE  has  installed  325  accelerographs ,  25  peak  recor-'  ing  acceler  granhs,  and 
7*t  seismoscopes .  The  total  number  of  projects  instrumented  as  of  31  August  1930, 
is  101.  These  structures  are  located  in  33  states  and  Puerto  Rico. 

Plans  for  Next  Twelve  Months : 

Eighty-two  accelerographs  and  l8  peak  recording  accelerographs  will  be  added  to 
the  CE  strong-motion  instrumentation  system. 
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1980  Session  K1i.i1  c-r 


Subject  Area  Earthquake  Engineering 


Project  Title  Method.-.)  c,-.y  for  Select inm  Design  Farthqjakes  (CVIS  310?if:) 


'r  •"or.:,  i Organ  i  sat  j  0:1 


Pri  neipal  :  r.vect  igal  or 


Starting  Year  FY  j-o 


_  E.  L.  Krinitzsky  (FT5  ^2-3329) _ 

Estimated  Completion  Year  FY  ('1 


Technical  Objectives :  To  provide  up-to-date  methodologies  that  use  the  full 
state  of  the  art  Tor  assessing  earthquake  hazards  in  the  various  geologic 
and  tectonic  region:-  of  the  United  States.  To  relate  areas  c-f  seismic  risk 
and  local  geotechnics  vith  characteristic  bedrock,  ground  notions,  attenua¬ 
tion:..  vith  distance,  effects  of  topography  and  rock,  types  in  modifying 
ground  motions.  To  assess  probability  factors  in  the  recurrence  of  nr.xi- 
M;i:a  w’r.ts.  To  determine  surface  effects  of  ground  not  ‘on  including  circum¬ 
stance-..  favoring  soil  liquefaction.  The  methodologies  vill  be  designed  to 
provide  maximum  usefulness  for  assessments  of  Corps  projects. 

Technical  Approach : 

a.  Maintain  cognisance  ana  liaisons  with  other  Government  agencies, 
engineering  firms,  and  individual  researchers  who  are  developing  informa¬ 
tion  in  this  field. 

b.  Collect  seismic  histories  and  data  on  important  seismic  events  and 
their  effects  from  vine):  to  develop  new  information  on  centers  c.f  recurrence 
characteristics,  of  bedrock  motion,  local  attenuations,  and  other  character:? 

c.  Relate  seismic  events  to  structural  deformations  and  determine  hoc 
■  v.racteri sties  of  earthquake  ground  motions  are  reiatsble  to  given  geoter- 
tonic  situations. 


d.  Undertake  reviews  of  the  effects  of  specific  roc);  end  soil  types  on 
earthquake  ground  •"onions. 

e.  Resale  earthquake  characteristics  to  regional  or  subregional 
geologic  and  tectonic  areas.  Synthesize  the  experience  in  those  areas  tc 
dwvc  1  op  riipr.bi  1  iti  <=*«  for  predicting  earthquake  risks,  1  nclud  ;  *  ;•  time  'His¬ 
toric.'.  of  ground  motions  in  bedrock. 

f.  Evaluate  th  se  approaches  and  synthesize  elements  of  the  best  of  t r 
into  r/thodoingies  for  use  in  Corps  projects. 


Genera]  Provens  :  Continued  activities  of  previous  year:;.  j  ■  .  r :  . 
teimti zed  already  cc.tab'  i  shed  met hodologies .  Developed  i-.provs  :  rear.' 
assessing  ea-Llni'i-ike  ground  motions  in  areas  that  arc-  rori rhorci  cat  cl 
to  areas  c>f  high  seismic  risk  but  with  low  rates  of  recurrence,  notably 
Rev  Madrid  and  Charleston  areas.  Assessed  effects  of  major  seismic  evs 
on  river  behavior  and  on  riverbank  stabi '  ty  and  chance]  maintenance  a 
on  the  lover  Mississippi  River.  Assembled  case  histories  on  tie  tvalu:. 
of  seismic  risk  for  engineering. 

Plans  for  Kext  Twelve  Months:  Continue  cognizance,  collect  ion  of  data, 
assessment  of  practices,  and  special  studies  at  earthquake  sites,  in  se 
mi  cal 1  y  active  areas  and  in  the  vicinities  of  major  Cores  engineering 
works .  Continue  evaluation  oi'  European,  Chinese,  and  Japanese  practic- 
Prepare  critical  selections  for  predicting  earthquake  risks,  recurrence 
rates  for  earthquakes,  and  time  histories  of  earthquake  ground  notions 
bedrock.  Develop  site  specific  techniques  for  assigning  root  mean  s;ua 
values  for  seismic  energy.  Continue  the  vorld-vide  catalogue  of  strong 
motion  earthquake  records.  Continue  to  update  and  improve  practices 
for  the  evaluation  of  earthquake  hazards  and  the  selection  of  earth  ota/. 
ground  motions  for  Corps  problems.  Report:  "Review  of  Industry  Fracti 
in  the  Specifying  of  Earthquake  Motions,”  begun  October  1979.  complete 
September  1981. 
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Krinitzsky,  E.  L. ,  "Geological  and  Seismological  Factors  for  Desi<p 
Earthquakes,  Patoka  Damsite,  Indiana, "  Miscellaneous  Paper  S-72-41. 


A  lyv.cy  WES  Priority _  I9b0  Sc»s;«.  n  .’..".her 


Subject  Area  Earthquake  Engi  neerin? _ _ 

Project  Title  Seismic  Eft c-cts  of  Re servoir  ]^oac:i.~  aul  Fluid  Injecticn 
(Cw’IS  3103'  ) 

Performing  Organization  _ WES _ _ 


Principal  Investigator  E.  L.  Krinitzsky  (FT?  r  ■-?-?. V;-'Q ' _ _ _  _ 

Starting  lear  Fi  7 6 _ Estimated  Completion  ve.y  r’Y  31 _ 

Techin  cal  Objectives:  Tc>  enhance  Corps  evaluations  cf  sv  i  r  ic  effects  that 
result  from  cater  leading  in  reservoirs  and  from  inject ic:.  of  fluids  into 
wells  and  to  pre  je  optimum  methods  for  conducting  Cc>po  evaluations  of 
susceptibility  of  sites  to  possible  induced  seismic  events. 

Technical  Approach : 

a.  Develop  and  maintain  cognizance  of  worldwide  ■vteri  eve.-  in  relating 
hydrologic  conditions  and  hydraulic  effects  to  earthquake  events. 

b.  Describe  Corps  experience  at  new  and  old  dams. 

c.  Assemble  data  from  mi croear t hquake  monitoring  .t  cl-.t  and  at  fluid 
injection  sites.  Develop  new  monitoring  programs.  Relate  d  ta  to  ambient 
seismicity  prior  to  loading  and  to  regional  tectonics  ana  buildup  ot  strain 
unrelated  to  water  loading. 

d.  Investigate  cyclical  history  of  buildup  .uu!  recession  ol  events 
directly  related  to  water  loading  and  to  events  in  adj.-.-ent  areas  '..here  vote 
loading  is  not  a  factor.  Determine  net  effects  of  water  icu.-.inf .  Indicate 
effects  of  water  loading  on  probabilistic  analyses  of  earthquake  recurrence . 

e.  Undertake  theoretical  studies  of  the  effects  of  reservoirs  on  local 
strain  release  and  stress  adjustment. 

f.  Maintain  liaison  with  geological  surveys,  er.gi’v*  -in.-  or g.i'  i tut  ions 
and  individual  experts  to  maintain  an  up-to-date  knowledge  •  r-n. tiers  and 
evaluation  in  this  field. 


g.  Develop  dat  a  and  reports  for  maximum  re.  .  -  •  .  i  t  i or.  fo- 

Corps  problems. 
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oars.  ,-fc.  a  tea 

--  -  fc-  “  c  r  *  - 


'.'■Oiicral  Progress:  Continued  previous  studies.  Update--. 
seirciicity  at  Corps  projects.  Updated  assessment  of  ■"  -'.'.'tear 
at.  Corps  sites.  Developed  liaisons  and  mutual  associ alt 
lions  studying  seismicity  and  the  effects  of  vater  imtour.u:  er. 
e.ta  from  such  sources  for  relevance  to  Corps  dams  and  reserv 
;-f servoir— associated  seismicity  to  regional  tectonics.  Init; 
cf-ihe-ert  review  of  probabilities  of  recurrence  of  eartr.jua.-; 

Plans  for  the  Kext  Tve] ve  Months: 


a  •  Standards  of  data  appraisal  for  assessing  in-  .:c-:a  fe:  s-.tcaty. 

St  a  .  lard  s  will  be  established  for  variables  of  ciae,  ti:.e  anu  tr.ree- 
z  imenr.i  onal  location  for  critical  assessment  of  reser . '  :  ■  rebate:  earth-  > 
quake  events.  Criteria  will  be  generated  for  determiner:?  tne  s  u : :  -  :  i  e  r.  c  y 
of  data  and  for  judging  induced  seismicity  in  a  uniiorr.  system  of  analyses. 


b.  Interpretation  of  mechanics  of  induced  seismicity.  Che  roles  of 
water  load  and  pore  water  pressure  will  be  examined  using  a  se.ectio.n  of 
elastic  continuum  models.  The  applicability  of  the  motets  v i - -  t  =  evaluate: 
through  a  comparison  with  laboratory  tests  and  pred'  ettons  c.  ir.  sj.„u 
values ■ 

c.  Interpreted  case  histories  of  reservoir-inducer  tart -.-pskgs.  Well 

known  cases  oi  reservoir-induced  seismicity  will  be  cr -it? caul.  5  ..s.. 

through  a  rigorous  examination  of  the  mechanical  properties  of  the  roex.t^ 
et  the  sites,  the  .  cismic  histories  of  the  sites,  the  changes  in  the  roc.-; 
systems  caused  by  impoundments,  and  the  patterns  of  post -tr.pi -r tr.er.t 
seismicity. 
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TOPIC  STATEMENT 


Priori ty 


I960  Ec-r.f dumber 


Subject  Area  Earthquake _ 

Project  Title  Strong  Motion  Instrumentation  rrograri 

Per  form  rip.  Organization  _ _ 

Principal  Investigator  A.  Vlksne _ , _ 


Starting  Year 


Estimated  Completion  Year 


Continu •  ir 


Tccbirical  Objectives : 


To  obtain  data  on  the  nature  of  strong  ground  motion  resulting  from  earthquakes  and 
the  performance  of  structures  (dams)  subjected  to  earthquake  loading. 

Technical  Approach : 

The  YIP/’S  is  continually  upgrading  its  strong-notion  insfrur.t-ntetiOTi  program, 
by  replacing  existing  old  Instrumentation  vrith  new  units,  modifying  instrumentation 
syst  s  to  utilize  solar  cells  for  power  and  VIY.’VB  (time  coda)  receivers 
for  common  time  base,  obtaining  and  installing  wherever  possible  remote  recording 
downhole  instrumentation  systems. 

General  Progress : 

Generally  the  instrumentation  programs  have  followed  the  schedule  of  (dynamic) 
seismic  analysis  for  the  structures  (dams)  under  evaluations.  The  evaluations 
and  related  instrumentation  programs  to  date  have  been  primarily  for  structures 
located  in  Seismic  Zones  3  and  4, 

Plans  for  Kcxt  Twelve  Months: 

To  continue  to  investigate  means  for  improving  strong-motion  instrumentation  systems 
to  make  the  whole  system  more  reliable  and  dependable,  especially  remote  recording 
downhole  systems.  Also,  continue  improving  the  design  of  surface  instrument  housing 


T01-1C  STATEMENT 


Agency  V'l'RS _ Priority  1 _ I960  Sess.-m  "un.ber  _ 

Subject  Area  Prohabi  1  l~:Lir  Hoi  bods _ 

Project  Title  Applicability  of  Kisk  Analyses  Methods  to  Pen  lg-sigri  (RA-1) 
Performing  Organization  V.’PRS  and  Contractor 
Principal  Investigator  !-•  -1  •  Von  Thun 

Starting  Year _ PY61 _ Estiiated  Cor,,,  leticr.  Yet:  _ FV63 _ 


Teclmical  Objectives : 

To  investigate  the  opportunities  for  use  of  risk-based  analysis  in  dam  safety  end 
just  how  such  method  may  be  used.  Based  upon  existing  studies,  mathematical  methods 
are  available  to  make  such  analysis;  however,  it  needs  to  be  determined  what 
application,  and  the  scope  of  application,  including  reliability,  in  dam  safety 
evaluations  there  is  for  these  methods.  In  other  words,  ho-..’  reliably  can  the  level 
of  risk  for  dam  failure  be  predicted? 

Technical  Approach: 

Investigators  will  perform  a  comprehensive  study  of  various  risk  analyses 
methods  and  techniques,  and  correlate  then  with  performance  records  on  existing 
dams.  .  It  is  recommended  that  Federal  programs  be  developed  and  funded  to  research 
the  applicability  of  probabilistic  techniques  to  hydrologic  and  seismologic 
predictions  in  dam  design;  denti f ication  and  acceptability  of  residual  risk  in 
high  hazard  dams;  use  of  rcsk-based  analysis  in  material  selection,  design,  and 
operation;  structural  consequences  of  exceeding  design  assumptions;  use  of  decision 
analysis,  as  it  relates  to  risk,  in  dam  siting,  design,  con; tructicn, and  operation. 

Gene r al  Progress : 

Have  begun  development  of  a  historical  data  base  that  provides  failure  proba¬ 
bility  as  a  function  of  type  of  dam,  year  of  construct  i  on ,  a.  i  c..  of  the  country, 
height  of  dam,  etc.  Also  have  begun  calculated  approach  to  determine  risk  of 
failure . 

Plans  for  Next  Twelve  Month s : 

Complete  historical  approach  to  estimate  probability  o'  f:d  V.nc.  Complete  calculate', 
approach  to  estimate  of  probability  of  failure  for  two  existing  dams. 
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Water  Level  Restrictions  at  Jackson 
Lake,  Wyoming  -  1973  Decision  Basis 

I .  Executive  Summary 

During  the  USSR  review  of  its  existing  structures  for  adequacy  of 
performance  under  current  earthquake  criteria,  Jackson  Lake  Dam  was 
identified  as  being  located  in  an  area  with  the  potential  for  strong 
earthquake  shaking.  The  fine-grained  soils  on  which  the  embankment 
portion  of  the  dam  was  founded  and  the  hydraulic  fill  methods  which 
were  used  to  place  a  portion  of  the  earth  embankment  presented  the 
potential  for  liquefaction  at  the  site  under  strong  earthquake 
loading.  A  drilling,  sampling,  and  laboratory  testing  program  was 
initiated  in  order  to  define  the  location  and  physical  properties  of 
the  various  materials  in  the  embankment  and  foundation.  Once  this 
information  was  obtained,  a  dynamic  analysis  of  the  dam  and  of  the 
dam  with  any  proposed  modifications  or  treatments  could  be  carried 
out. 

Because  it  was  anticipated  that  it  would  be  several  years  before  any 
permanent  remedial  measures  could  be  completed,  temporary  restric¬ 
tions  on  the  water  level  at  Jackson  Lake  were  considered.  In  order 
to  receive  an  independent  evaluation  on  the  severity  of  the  situation 
and  thus  the  need  to  consider  further  any  immediate  remedial  action, 
two  experts  in  the  field  of  1 iquefaction,  Professor  Harry  Seed  and 
Professor  Ken  Lee,  were  asked  to  examine  the  dam,  foundation,  and 
pertinent  data.  Their  reports  (see  appendix  A)  indicated  that  the 
dam  and  foundation  were  indeed  subject  to  liquefaction  and  its 
potential  for  occurring  was  great  enough  to  warrant  investigating 
what  temporary  restrictions  would  be  appropriate. 

An  estimate  of  a  restriction  level  which  would  not  allow  overtopping 
of  the  embankment  even  under  "reasonable  worst  case"  conditions  was 
performed.  The  "reasonable  worst  case"  conditions  were  established 
considering  (a)  material  properties,  (b)  embankment  geometry  and 
construction  methods,  (c)  reports  of  the  independent  consultants  on 
the  condition  of  the  dam  and  the  seismic  potential  of  the  area, 

'(d)  case  histories  of  embankment  liquefaction,  (e)  the  possibility 
of  an  earthquake-generated  wave,  and  (f)  topography  of  the  reservoir 
bottom.  This  "reasonable  worst  case"  analysis  established  an 
elevation  restriction  of  6754  which  provided  for  2  feet  of  freeDoard. 
To  assess  the  probability  of  an  overtopping  condition  as  a  function 
of  the  restriction  level  and  to  assess  tne  level  of  downstream  damage 
as  a  function  of  various  modes  of  failure  and  restriction  levels,  a 
risk  analysis  was  performed.  The  risk  of  overtopping  was  computed  as 
a  function  of  the  probability  of  occurrence  of  various  levels  of 
earthquakes,  the  probability  of  various  structural  responses  due  to 
these  earthquakes  and  the  probability  that  the  reservoir  would  be  at 
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an  elevation  which  would  produce  overtopping  both  with  and  without  an 
earthquake-generated  wave.  The  analysis  showed  that  at  elevation  6756.5 
the  risk  of  overtopping  due  to  the  primary  mode  of  failure  under 
consi derati on  was  reduced  by  50  percent  (see  figure  1).  Furtner,  it 
was  seen  by  analysis  of  the  outflow  hydrograph  that  even  in  the  event 
of  overtopping  (from  the  primary  mode  of  failure  hypothesized)  the 
flood  produced  with  the  water  level  restricted  to  this  level 
would  be  g-eatiy  reduced  (see  figure  2).  This  level  of  reduction  in 
risk  appeared  appropriate  but  the  impact  on  benefits  still  needed  to 
be  incorporated  into  the  decision  analysis. 

Risk  of  overtopping  studies  for  restricted  elevations  below  6760 
considered  the  reservoir  to  be  maintained  at  the  restricted  elevation 
on  a  year-round  basis.  Actual  operations  could  produce  a  variable 
reservoir  elevation  which  would  maintain  the  absolute  risk  of  over¬ 
topping  at  about  the  same  level  and  yet  minimize  impact  on  recre¬ 
ational  interests  which  are  affected  by  the  actual  lake  level  as  well 
as  the  timing  and  amount  of  releases.  An  operational  plan  which 
satisfied  these  objectives  was  developed  by  regional  and  project 
personnel.  This  plan  called  for  water  levels  at  elevation  6760  for 
1  month  out  of  the  year  but  were  below  elevation  6755  for  about  9  months. 
These  criteria  provide  a  lower  risk  of  overtopping  than  a  constant 
restriction  level  of  6756.5  but  do  present  the  potential  for  larger 
floods  during  the  1-month  period  when  elevations  reach  elevation  6760 
if  overtopping  were  to  occur  during  this  period;  however,  the  total 
benefits  of  this  operating  plan  appeared  to  outweigh  this  short-term 
increased  hazard.  The  proposed  operation  plan  (figure  3)  was  adopted 
by  the  E&R  Center  design  and  operations  personnel,  Pacific-Northwest 
regional  personnel,  and  Minidoka  Project  personnel  on  March  3,  1978, 
as  an  appropriate  plan  for  recommendation  to  the  Commissioner. 

I I .  Water  Level  Restriction  Investigation 

A  dynamic  stability  investigation  of  the  embankment  portion  of 
Jackson  Lake  Dam  is  in  progress.  At  this  time  the  investigation 
indicates  the  embankment  is  likely  to  fail  if  a  strong  earthquake 
occurs  on  the  nearby  Teton-Hoback  fault  system.  Therefore,  a 
restriction  in  the  maximum  reservoir  water  surface  to  reduce  the 
risk  of  a  catastrophic  failure  was  evaluated.  This  evaluation 
considered  the  following  five  factors: 

1.  Earthquake  activity  of  the  area 

2.  Potential  location  of  embankment  instability 

3.  Potential  instability  of  embankment  section 

4.  Potential  seiche  wave  from  earthquakes 

5.  Embankment  freeboard  for  seiche  wave 


l-h) 


PROBABILITY  OF  OVERTOPPING  * 


risk  of  overtopping 

vs 

RESERVOIR  ELEVATION  OF 
JACKSON  LAKE 

*  FROM  LIQUEFACTION  FAILURE  DUE  TO 
EARTHQUAKE  PLUS  EFFECT  OF  A  SEICHE. 

MODE  !-  LIQUEFACTION  AT  EASE  LEVEL  OF  5750. 

MODE  2-  LIQUEFACTION  AT  BASE  LEVEL  OF  S730. 

FIGURE  I 
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Eacn  of' these  five  factors  is  considered  in  greater  detail  in  the 
following  paragraphs. 

1.  Earthquake  activity  of  area.  -  Jackson  Lake  Dan  is  located 
near  an  active  earthquake  area.  The  nearby  Teton-Hoback  faults 
are  believed  to  have  moved  through  over  10,000  feet  of  displace¬ 
ment.  Geologically  speaking,  part  of  these  di spl acements  is 
relatively  recent  because  they  cut  through  glacial  moraines 
deposited  seme  time  between  8,500  and  25,000  years  ago.  The 
Teton-Hoback  faults  are  considered  capable  of  producing  a  maximum 
credible  earthquake  of  magnitude  7-1/4. 

2.  Potential  location  of  embankment  instability.  -  The  embankment 
section  that  extends  from  the  north  end  of  the  concrete  dam  to  a 
point  700  feet  farther  north  is  considered  less  susceptible  to 
failure  because  of  its  internal  construction  and  the  downstream 
buttressing  effects  of  the  highway  fill.  The  embankment  section 
immediately  north  of  where  the  highway  fill  leaves  the  embankment 
is  considered  more  susceptible  to  failure  because:  (1)  the 
embankment  itself  is  mainly  a  loose  gravelly  sand  to  silty  sand 
which  is  susceptible  to  liquefaction,  (2)  the  foundation  directly 
beneath  the  embankment  is  a  loose  sandy  silt  which  is  also 
susceptible  to  liquefaction,  and  (3)  the  downstream  embankment 
slope  is  relatively  steep  and  unbuttressed.  At  this  section  the 
crest  elevation  is  6779  and  the  reservoir  floor  elevation  is  6750 
(see  figure  4). 

3.  Potential  instability  of  embankment  section.  -  The  field 
investigations  performed  on  the  embankment  and  foundation  indi¬ 
cated  both  were  susceptible  to  liquefaction  under  significant 
earthquake  shaking.  To  obtain  an  independent  opinion  on  the 
embankment  stability  under  earthquake  loading,  two  well-known 
experts  in  this  field  were  hired  as  consultants.  The  opinion  of 
H.  B.  Seed  of  the  University  of  California  at  Berkeley  and  K.  L. 

Lee  of  UCLA  was  that  both  the  embankment  and  foundation  would  be 
susceptible  to  liquefaction  from  strong  earthquake  shaking 
(magnitude  6.0  or  greater). 

To  aid  in  predicting  the  embankment  failure  displacements  at 
Jackson  Lake  Dam,  it  is  instructive  to  examine  the  behavior  of 
similar  dams  that  have  failed  from  liquefaction  due  to  earthquake 
shaking.  After  earthquakes  had  triggered  their  embankment 
failures,  Sheffield  Dam  had  about ’20  percent  and  Lower 
San  Fernando  Dam  had  70  percent  of  their  original  height  remaining. 
The  Jackson  Lake  embankment  and  foundation  conoitions  are  consid¬ 
ered  more  similar  to  the  Sheffield  Dam  conditions.  Therefore, 
the  assumption  was  made  that  after  strong  earthquake  shaking 
one-third  of  the  original  embankment  height  would  be  effective  in 


retaining  the  reservoir.  For  the  critical  embankment  section 
located  previously  (see  factor  2),  the  remaining  effective 
embankment  elevation  would  be  6760  (see  figure  4). 

4.  Potential  seiche  wave  from  earthquake.  -  A  major  seiche  wave 
could  be  expected  at  Jackson  Lake  Dam  following  an  earthquake 
because  the  Teton  fault  system  cuts  across  the  western  margin  of 
the  reservoir.  If  the  western  portion  of  the  reservoir  rose 
relative  to  the  eastern  portion,  as  would  be  expected  geologically, 
a  wave  would  be  generated  which  if  not  provided  for  could  erode 
the  failed  embankment  section.  At  Hebgen  Dam  it  was  reported 

that  seiche  waves  overtopped  the  more  erosion-resistant  embankment 
for  four  extended  time  periods  following  a  1959  earthquake.  For 
Jackson  Lake  the  seiche  wave  assumed  at  the  embankment  was  4  feet 
high. 

5.  Embankment  freeboard  for  seiche  wave.  -  To  keep  the  seiche 
wave  below  the  top  of  the  effective  remaining  embankment  section 
(elevation  6760),  an  additional  2  feet  of  freeboard  were  proposed. 
The  calculated  initial  water  surface  subtracting  a  4-foot  wave 
height  and  2  feet  of  additional  freeboard  from  6760  is  6754. 

From  considering  the  preceding  five  factors,  a  reservoir  elevation 
of  6754  was  considered  reasonable  to  greatly  reduce  the  risk  of 
catastrophic  failure  at  Jackson  Lake  Dam. 

III.  Risk  -  Benefit  Decision  Analysis  Study 

The  decision  analysis  for  determination  of  the  optimum  reservoir 
restriction  level  for  Jackson  Lake  essentially  consisted  of 

(1)  identifying  all  the  relevant  factors  involved  in  establishing 
the  hazards,  risks,  and  benefits  as  a  function  of  reservoir  level; 

(2)  quantifying  these  data  and  engineering  judgments  where  possible; 
and  (3)  presenting  the  iii formation  in  a  useful  format  vor  decision- 
making.  The  decision  analysis  model  used  for  Jackson  Lake  is  shown 
in  figures  5A  and  58  as  a  six-step  process.  The  results  from  carry¬ 
ing  out  each  of  those  steps  for  Jackson  Lake  are  discussed  below. 

Step  I  -  Hazard  Evaluation 

Two  modes  of  liquefaction  failure  were  hypothesized  for  the  embankment 
portion  of  Jackson  Lake  Dam  based  on  the  construction  history  and 
dam  and  reservoir  geometry.  These  modes  were: 

Mode  1.  -  Liquefaction  of  the  embankment  and/or  foundation  at  or 
above  elevation  6750  over  widths  of  400  and  800  feet. 

Mode  2.  -  Liquefaction  of  the  embankment  and  foundation  at 
elevation  6730  over  widths  of  200,  400,  and  800  feet. 
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RESERVOIR  RESTRICTION  LEVEL  AT 
JACKSON  LAKE 

I.  EVALUATE  HAZARD  AS  A  FUNCTION  OF  RESERVOIR 
LEVEL  FOR  EACH  POTENTIAL  FAILURE  MODE 


2.  ESTIMATE  PROBABILITY  OF  VARIOUS  LEVELS  OF 

EARTHQUAKES  CAUSING  LIQUEFACTION  AT  THE  DAM 


EARTHQUAKE- 

probability  of  - 

SOURCE 

MAG 

EARTHQUAKE 

1 

DAM  LIQUEFYING 
FROM  THIS  L  .0 

LIQUEFACTION 

A 

6  0 

003 

5 

.00  1  5 

6  5 

.002 

.75 

.00  l  5 

7.0 

.00  i 

X 

100 

.OO  1  0 

B 

6.5 

.002 

.  1 

.0002 

7.0 

00  1 

.3 

.0003 

C 

ra 

.02 

X 

•  1 

.002 

ns 

.0  1 

.2 

002 

(NUMBERS  ARE  HYPOTHETICAL) 


3.  EVALUATE  PROBABILITY  OF  STRUCTURAL  DAMAGE 
CONDITION  FOR  EACH  MODE  UNDER  EACH 
SEISMIC  LOADING  LEVEL 


RESERVOIR  LEVEL 


FIGURE  5  A 


PROBABILITY  OF 
OVERTOPPING 


.0003 


.0002 


.0001 


5. 


6. 
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COMPUTE  PROBABILITY  OF  OVERTOPPING  AS  A 
FUNCTION  OF  RESERVOIR  RESTRICTION 
LEVEL  FOR  EACH  FAILURE  MODE 


EXAMINE  LlKELYHOOD  OF  OVERTOPPING  AND 

DOWNSTREAM  HAZARD  POTENTIAL  FOR  CURREN 
VS  ANY  PROPOSED  OPERATING  CRITERIA. 

EVALUATE 

REDUCTION  IN  RISK  IN  EACH  MODE. 

ACCEPTI BILITY  OF  RISK  FOR  EACH  MODE. 
.CONSIDER  BENEFITS  VS  RESERVOIR  ELEVATION. 
OPERATING  PROCEDURES  FOR  MAXIMUM' 
BENEFITS  WITHIN  RANGE  OF  ACCEPTABLE 
RISK. 


FIGURE  5B 
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The  major  portion  of  the  dam  founded  at  elevation  6750  and  above  was 
placed  with  hydraulic  fill  methods  and  the  foundation  of  this 
portion  of  the  dam  is  a  silty  sand  (see  Part  II  above).  On-  the 
other  hand,  most  of  the  portion  of  the  dam  founded  oelow  eleva¬ 
tion  6750,  is  less  susceptible  to  liquefaction  Decause  of  the  methods 
or  materials  used  in  construction.  For  purposes  of  the  risk  analysis 
study,  it  was  assumed  that,  given  that  a  failure  took  place,  the 
probaoility  that  it  would  D e  Mode  1  is  0.9,  and  tr.e  probability 
it  would  be  Mode  2  is  0.1. 

Once  the  modes  are  identified,  the  next  task  is  to  determine  the 
floods  associated  with  each  mode  as  a  function  of  reservoir  elevation 
and  the  downstream  damage  associated  with  the  level  of  flooding. 

This  information  was  supplied  in  the  reports  provided  in  appendix  C. 
Examination  of  these  data  shows: 

3 

a.  Large  damage  for  flows  exceeding  50,000  ft  /s. 

b.  Flows  exceeded  50,000  ft  /s  for  Mode  2  failures  even  with 
drawdowns  exceeding  20  feet. 

c.  Considerable  reduction  in  flows  and  damage  potential  for 
Mode  1  type  failures  for  restricted  levels  below  elevation  6760. 

d.  Floods  stay  within  U.S.  Corps  of  Engineer  levels  for  Mode  1 
overtopping  failures  with  reservoir  below  elevation  6757. 

The  more  likely  Mode  1  failure  is  sensitive  to  reservoir  lev^l 
variations  and  the  analysis  demonstrated  significant  improvements 
could  be  achieved  by  restricting  reservoir  levels  as  opposed  to  the 
less  likely  Mode  2  effects  which  are  somewhat  insensitive  to  reser¬ 
voir  restrictions.  Thus  it  was  evident  that  the  najor  influence  of 
any  restriction  would  be  in  decreasing  the  risk  of  a  Mode  I  failure 
and  at  tne  same  time  reducing  the  potential  hazard  if  Mode  1  over¬ 
topping  were  to  occur. 

Figure  6  (identical  to  figure  Z)  shows  the  rate  of  increase  of  flood 
levels  and  flood  damages  as  a  function  of  reservoir  restriction  level 
for  Mode  1  and  thus  portrays  the  potential  downstream  hazard  at  any 
given  reservoir  level.  This  information  will  be  used  later  in  the 
decision  analysis  as  it  is  combined  with  the  risk  of  overtopping 
analysis. 

Step  2  -  Evaluation  of  the  Seismicity  Affecting  the  Site  and  the 
Consequent  Potential  for  Li  due  faction 


Earthquakes  to  be  considered  in  the  risk  analysis  can  come  from 
several  sources  at  varying  distances  from  the  site.  The  likelihood 
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of  liquefaction  is  a  function  of  an  earthquake’s  distance  from  the 
site  and  its  strength.  The  probability  of  occurrence  of  earthquakes 
of  a  given  level  from  each  source  must  therefore  be  evaluated  along 
with  the  probability  of  that  level  of  earthquake  causing  liquefaction 
of  the  dam  or  foundation.^/ 

To  begin  this  evaluation,  a  threshold  level  of  seismicity  which  is 
strong  enough  and  close  enough  to  produce  liquefaction  needs  to  be 
established.  The  lower  bound  was  established  using  (1)  the  guide¬ 
lines  given  by  Seed  and  Lee  after  their  review  of  the  susceptibility 
of  the  dam  and  foundation  to  liquefaction,  and  (2)  historic  records 
of  earthquakes  which  have  been  strong  enough  to  produce  liquefaction 
(see  figure  7).  Next,  all  sources  of  earthquakes  near  Jackson  lake 
Dam  which  are  capable  of  producing  earthquakes  above  this  threshold 
need  to  be  identified  and  the  probability  of  the  occurrence  of  these 
earthquakes  established.  To  take  into  account  the  higher  probability 
of  occurrence  of  lower  level  earthquakes  and  allow  for  quantifying 
the  higher  probability  of  liquefaction  at  the  damsite  due  to  larger 
level  earthquakes,  the  calculations  are  performed  considering 
the  earthquakes  from  the  various  sources  in  half-magnitude  intervals. 

The  source  areas  defined ’for  Jackson  Lake  Dam  are  shown  on  figure  8 
and  described  below. 

Source  1.  -  This  is  the  seismically  active  area  near  Yellowstone 
National  Park  at  the  Wyoming-Hontana  border.  The  Hebgert  Lake, 
Montana  earthquake  (mag.  7.1)  of  1959  was  included  in  this  area. 

The  maximum  credible  earthquake  from  this  area  is  considered  to  be 
magnitude  7.5.  8ecause  of  the  distance  of  this  area  from  Jackson 
Lake,  only  earthquakes  of  magnitude  level  7.5  are  considered  to  have 
the  potential  for  causing  liquefaction  at  the  site.  From  a  plot  of 
the  historic  seismicity  of  the  area  (figure  9),  the  estimated  recur¬ 
rence  interval  of  earthquakes  of  magnitude  7.5  is  100  years.  The 
probability  of  such  an  earthquake  actually  producing  liquefaction 
at  Jackson  Laxe  Dam  i^  estimates  to  be  1  in  10  on  the  basis  of 
(1)  Seed's  comments  in  his  report  and  (2)  the  lack  of  liquefaction 
due  to  the  1959  event.  Thus,  the  annual  probability  of  liquefaction 
due  to  source  area  1  is  the  probability  of  the  earthquake  times  the 
probability  that  the  earthquake  will  cause  liquefaction  =■  0.01  x  0.1 
0.001. 

Source  2.  -  This  area  is  the  intermountain  seismic  belt  within 
100  miles  of  the  site  but  excluding  the  Teton-Hoback  faults  near 


1/  All  earthquake  magnitudes  in  this  report  are  considered  Richter 
Magnitude. 
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EARTHQUAKES  PER  YEAR 


FIGURE  9 


Jackson  Lake  (source  areas  3  and  4)  and  also  excluding  the  Hebgen 
source  area  (source  area  1).  Only  earthquakes  of  the  magnitude 
7.5  level  from  this  area  are  considered  capable  of  producing 
liquefaction  at  the  dam.  The  recurrence  interval  of  magnitude 
7.5  earthquakes  from  this  area  is  estimated  to  be  500  years.  The 
probability  of  such  an  earthquake  producing  liquefaction  at  the 
site  is  again  considered  to  be  1  in  10.  Thus  the  annual  prco- 
ability  of  liquefaction  at  the  site  from  area  2  is  0.002  x  C.l  = 
0.0002. 

Source  3.  -  This  area  encompasses  the  Teton  fault  which  runs  through 
Jackson  Lake.  Earthquakes  from  this  area  of  magnitude  6  to 
7-1/4  are  considered  capable  of  producing  liquefaction  at  the  site. 
Estimates  of  recurrence  intervals  for  earthquakes  between  these 
levels  were  made  on  the  basis  of  geologic  evidence  and  historic 
seismicity.  The  results  are  shown  on  table  1.  Estimates  of  the 
likelihood  of  liquefaction  due  to  the  various  levels  of  earthquakes 
as  given  on  table  1  were  based  strictly  on  judgment. 

Source  4.  -  This  area  encompasses  the  Hoback  fault  which  lies  to 
the  southeast  of  the  site.  The  Hoback  fault  was  considered  to 
have  the  same  seismic  capability  as  the  Teton  fault,  but  because 
it  lies  at  a  greater  distance  from  the  dam  its  potential  for 
causing  liquefaction  at  the  dam  was  reduced.  The  estimates  used 
for  source  area  4  are  also  given  in  table  1. 

The  sum  of  the  probabilities  of  liquefaction  at  the  site  for  each 
area  and  level  of  earthquakes  yield  the  total  probability  of  some 
type  of  liquefaction  failure  at  the  site  in  a  1-year  period.  This 
value  is  shown  on  table  1  as  0.0059. 
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Table  1. 

-  Probability  o* 
Jackson  Laki 

f  liquefaction  at 
?  Dan 

Earthquake  - 

Probability  of  - 

Source 

Magnitude 

Earthquake 

Dam  liquefying 

Liquefaction 

area 

range 

occurring 

from  this  E.Q. 

at  the  site 

1 

7.5 

0.01 

X 

0.1 

•  s 

0.001 

2 

7.5 

0.002 

X 

0.1 

= 

O.OOC2 

3 

6.0-6. 5 

0.0031 

X 

0.5 

s 

0.00155 

6. 5-7.0 

0.0020 

X 

0.75 

s 

0.00150 

7.0-7.25 

0.0012 

X 

0.95 

= 

0.00114 

4 

6. 0-6. 5 

0.0031 

X 

0.1 

s 

U.  00031 

6. 5-7.0 

0.0020 

X 

0.3 

K 

0.0006 

7.0-7.25 

0.0012 

X 

0.5 

0.0006 

Sum 

0.0069 

In  addition  to  the  effects  of  the  earthquake  shaking,  certain 
of  the  earthquake  can  produce  a  wave  on  the  reservoir  (seiche). 

The  possibility  and  influence  of  the  seiche  are  taken  into  account 
later  in  the  analysis  in  the  determination  of  whether  or  not 
overtopping  of  the  reservoir  will  occur. 

Step  3  -  Evaluation  of  the  Structural  Condition  of  the  Dam  Following 
Liquefaction 

The  preceeding  step  estimated  the  probability  of  liquefaction 
occurring  but  did  not  evaluate  the  degree  of  severity  of  the  lique¬ 
faction.  In  fact,  liquefaction  could  occur  at  the  site  and  the 
effects  could  range  from  almost  no  loss  in  embankment  height  to 
nearly  complete  failure.  In  order  to  make  a  judgmental  quantifi¬ 
cation  of  this  fact  the  earthquakes  have  been  divided  into  three 
strength  levels  and  the  dam  has  been  assumed  to  take  on  one  of  three 
possible  failure  conditions  with  varying  probability  for  each  of  the 
earthquake  levels  given  that  liquefaction  has  occurred.  Ideally, 
the  structural  response  conditions  should  be  determined  by  using 
dynamic  analysis  studies  appropriately  evaluated  considering  historic 
prototype  experience.  In  this  case  since  no  dynamic  analyses  have 
been  performed,  the  estimates  of  failure  condition  are  judged  only  on 
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the  small  amount  of  available  historic  information.  For  that  reason 
the  evaluation  is  strongly  influenced  by  the  experience  at  Sheffielc 
and  Lower  San  Fernando  Dams. 

The  earthquake  levels  and  their  relative  probability  of  occurrence 
given  that  a  liquefaction-prooucing  earthquake  occurs  (proDability  = 
1.0)  were  categorized  according  to  strength  levels  with  the  following 
relative  probabilities: 

Level  1  =  LI  =  0.25 
level  2  =  L2  =  0.50 
Level  3  =  13  =  0.25  . 

level  3  were  the  strongest  earthquakes  (e.g.,  7  to  7-1/4  near  the 
site)  and  Level  1  the  weakest. 

The  structural  conditions  which  the  dam  could  assume  were  described 
by  the  percent  of  dan  height  remaining  between  the  assumed  bottom 
elevation  of  liquefaction  (Mode  1  =  6750*  Mode  2  =  6730)  and  the  top 
of  the  dam  (elevation  6779).  They  are  given  as: 

Condition  1  =  Cl  =  90  percent 

Condition  2  =  C2  =  50  percent 

Condition  3  *  C3  =  20  percent 

The  probability  that  the  dam  will  take  on  a  particular  condition 

given  that  a  liquefaction-producing  earthquake  occurs  is  equal  to 
the  product  of  the  probability  that  the  dam  assumes  f>e  condition  at 
that  level  times  the  relative  probability  of  an  earthquake  of  that 
level  occurring.  Tables  2A  and  23  show  these  estimates  for  assumed 
Mode  1  and  Mode  2  type  failure  condition. 

Table  2A.  -  Mode  1  postfailure  structural 
condi ti on 


Given 

earthquake 

load 


Probability 

of 

structural 
condi tion 


Rel ative 
probabil ity 
of  E.Q.  level 


Structural  condition 
probability  given 
liauefaction  occurs 


level 

Cl 

cz 

~C3 

Cl 

C2 

c3 

LI 

0.4 

0.4 

0.2 

0.25 

0.1 

0.1 

0.05 

L2 

0.2 

0.4 

0.4  x 

0.5 

=  0.1 

0.2 

0.2 

13 

0.05 

0.35  0.6 

0.25 

0.0125  0.0875  0.15 

I  -80 


Adding  the  last  column  for  condition  3  shows  that  if  liquefaction 
takes  place  it  is  considered  there  is  a  0.4  probability  that  only 
20  percent  of  the  embankment  above  elevation  675u  will  remain. 


Table  28.  -  Mode  2  postfailure  structural 
condi ti on 


Probabil ity 

Given 

of 

Relative 

Structural  condition 

earthquake 

structural 

probabil i ty 

probabil i ty 

given 

load 

condition 

of  E.Q*  1  eve! 

1 i quefaction 

occurs 

level 

Cl  C2  n 

Cl  C2 

C3 

LI 

0.5 

0.4 

0.1 

0.25 

0.125 

0.1 

0.025 

L2 

0.3 

0.4 

0.3  x 

0.5 

=  0.15 

0.2 

0.15 

L3 

0.1 

0.4 

0.5 

0.25 

0.025 

0.1 

0.125 

These  structural  condition  estimates,  which  rely  on  engineering 
judgment,  provide  a  means  of  assessing  the  relative  probability  of 
various  possible  postfailure  conditions  which  are  necessary  for 
completing  the  risk  analysis. 

Step  4  -  Compute  probability  of  overtopping  as  a  function  of  reservoir 
restriction  level 


With  the  information  from  the  previous  step,  the  number  of  feet  of 
freeboard  or  the  height  of  the  water  above  the  failed  embankment  can 
be  computed  for  each  of  the  structural  conditions  and  each  reservoir 
level.  These  data  are  shown  in  table  3  for.  Modes  ]  and  2. 

Table  3.  -  Post  assumed  failure  condition 
Embankment  level  vs.  reservoir  restriction  level 


Mode  1  Mode  2 


Given  Reservoir  level  +6700  Reservoir  level  *6700 


condi tion 

w 

65 

60 

55 

So 

40' 

69 

65 

60 

55 

53 

40 

Cl 

B 

16 

21 

26 

36 

5 

9 

14 

19 

24 

34 

C2 

EH 

4.5 

9.5 

14 

24 

-14.5 

-10.5 

-5.5 

-0.5 

4.5 

14.5 

C3 

-13 

-4 

1 

5 

14 

-29 

-25 

-20 

-15 

-10 

0 

embankment  below  reservoir  level. 


To  determine  whether  or  not  overtopping  occurs  requires  consideration 
of  the  reservoir  operating  criteria  and  the  height  of  the  earthquake¬ 
generated  wave.  For  the  purposes  of  this  analysis,  the  criteria 
appl ied  were: 

a.  Current  operation  -  Reservoir  at  6769  -  1/6  of  the  year 

Reservoir  at  6765  -  1/6  of  the  year 

Reservoir  at  6760  -  2/3  of  the  year 

b.  Restriction  at  6765  -  Reservoir  at  6765  -  1/3  of  the  year 

Reservoir  at  6760  -  2/3  of  the  year 

c.  Restriction  at  6760  or  below  -  Reservoir  at  restricted  level 

for  the  full  year 

With  respect  to  the  sieche  it  was  assumed  that: 

a.  Level  3  earthquakes  could  produce  a  seiche  up  to  17  feet. 

b.  Level  2  earthquakes  would  produce  a  seiche  up  to  6  feet 
50  percent  of  the  time. 

c.  Level  1  earthquakes  would  not  produce  a  seiche. 

d.  The  wave  height  could  not  exceed  the  depth  of  water. 

To  calculate  the  absolute  probability  of  overtopping  for  each  reser¬ 
voir  level  required  the  following  operations  (elevation  6769  for 
Mode  1  will  be  used  as  an  example): 

a.  From  table  3,  determine  under  what  conditions  the  dam  was 
overtopped.  (For  elevation  6769  reservoir  level  the  dam  is 
overtopped  for  structural  conditions  Z  and  3  at  all  levels  of 
earthquike  leading  end  for  condition  1  at  level  3  loading  since  a 
level  3  seiche  of  17  feet  would  overtop  the  7  feet  of  freeboard 
available.) 


c.  The  absolute  probability  of  overtopping  is  obtained  by  multi¬ 
plying 


the  probability  of  having  overtopping  conditions 

x 

the  probability  of  the  failure  mode 

x 

the  probability  that  liquefaction  producing  earthquake  occurs 

x 

the  probability  that  the  reservoir  will  be  at  that  elevation 

and,  if  the  latter  is  less  than  1.0  you  must  sum  the  absolute 
probability  of  overtopping  for  all  other  elevations  at  which  the 
reservoir  will  remain  during  the  year. 

For  the  current  operation  (in  effect  restriction  at  6769)  elevations 
6765  and  6760  must  also  be  considered.  Thus,  probability  of  overtopping 
under  current  restriction  at  elevation  6769  is: 


•  Overtopping  Mode  Liquefaction  Time 


probabi 1 i ty 

probability 

probabi  1  ity 

probability 

«=  0.8 

X 

0.9 

x  0.0069 

x  1/6  (time  at  6769) 

+  0.8 

X 

0.9 

x  0.0069 

x  1/6  (time  at  6765) 

+  0.59 

X 

0.9 

x  0.0069 

x  2/3  (time  at  or 

below  6760) 


*  .0041 

The  risk  of  overtopping  values  was  calculated  for  5-foot  increments 
of  reservoir  elevation  (appendix  B)  and  is  plotted  on  figure  10. 

Step  5  -  Examine  overtopping  and  hazard  relationships  to  select 
acceptable  restriction  level 

Review  of  the  absolute  risk  of  overtopping  versus  reservoir  elevation 
given  in  figure  10  shows  that  the  risk  of  overtopping  from  Mode  1 
decreases  rapidly  with  drop  in  reservoir  elevation.  Likewise,  figure  6 
shows  that  the  peak  discharge  and  flood  damage  potential  also  decrease 
rapidly  with  drop  in  reservoir  elevation  in  the  event  overtopping  took 
place.  Recreational  use  of  '„.c  area  below  the  dam  is  heavy  during 
certain  periods  of  the  year.  Estimates  of  potential  loss  of  life  versus 
flood  level  were  not  developed;  however,  the  regional  study  (appendix  C) 
concluded  that  boaters  would  be  able  to  clear  the  stream  prior  to 
the  flood  wave.  Despite  the  lack  of  definitive  figures  it  is  reasonable 
to  expect  that  the  potential  loss  of  life  would  decrease  rapidly  with 
drop  in  reservoir  elevation  in  a  similar  manner  to  the  drop  in  damage 
level. 


PflOBAOILITY  OF  OVERTOPPING* 


RISK  OF  OVERTOPPING 
.  VS 

RESERVOIR  ELEVATION  OF 
JACKSON  LAKE 

*  FROM  LIQUEFACTION  FAILURE  DUE  TO 

EARTHQUAKE  PLUS  EFr  EOT  OF  A  SEICHE. 

MOOE  I  -  LIQUEFACTION  AT  BASE  LEVEL  CF  6750. 
MODE  2-  LIQUEFACTION  AT  BASE  LEVEL  CF  6730. 
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Examination  of  figures  6  and  10  show  that  If  a  reservoir  restriction 
level  of  6756  Is  specified,  the  peak  discharge  Is  approximately 
25,000  ftvs  and  the  risk  of  overtopping  has  decreased  by  more  than 
50  percent.  At  a  reservoir  restriction  level  of  6757,  the  peak  discharge 
would  be  approximately  30,000  ftJ/s  and  the  risk  of  overtopping 
would  be  reduced  over  40  percent.  Since  a  flood  of  30,000  ftJ/s  is 
contained  within  the  downstream  levees  built  by  the  Corps  of  Engineers 
and  since  the  risk  of  overtopping  at  all  is  cut  by  significant  amount, 
a  restriction  level  between  6756  and  6757  (6756.5)  appears  to  be  a 
restriction  level  which  would  be  meaningful  in  reducing  the  potential 
hazard. 

Step  6  -  Consideration  of  impact  of  restriction  and  establishment  of  a 
reservoir  operation  plan  to  maximize  benefits  under  restricted  condition 

Restriction  of  the  reservoir  level  decreases  the  amount  of  available 
storage  for  irrigation  purposes.  In  addition,  the  Jackson  Lake  area  is 
a  major  scenic  and  recreation  area  of  the  nation  and  reduction  in  the 
reservoir  level  impacts  this  use  in  several  ways  including: 

1.  Boating  on  the  lake  is  curtailed  and  boat  ramp  access  is  made 

difficult. 

2.  Water  releases  for  rafting  and  for  fishing  are  not  able  to  be 

controlled  at  optimum  levels. 

3.  Large  areas  of  reservoir  bottom  area  are  left  exposed  which 

detracts  from  the  beauty  of  the  lake  and  the  area. 

In  order  to  minimize  the  adverse  impact  of  the  imposition  of  restric¬ 
tions  on  Jackson  Lake  an  operation  plan  was  developed  (figure  3) 
which  coordinated  water  storage  and  water  release  maxima  with  periods 
of  peak  public  need.  The  operation  plan  devised  kept  the  risk  of 
overtopping  below  the  level  considered  appropriate  (u  57-percent 
reduction  in  risk  of  overtopping)  by  maintaining  the  reservoir  at  or 
below  elevation  6755  for  over  9  months  of  the  year  even  though  it  was 
allowed  to  reach  elevation  6760  for  1  month. 

Although  the  risk  of  overtopping  is  not  increased  by  the  operation 
plan  the  level  of  hazard  from  a  Mode  1  type  failure  is  increased  _ 
at.  s  the  level  considered  as  an  appropriate  cutoff  point  (30,000  ft'/s) 
which  was  discussed  above.  However,  this  increased  potential 
hazard  exists  for  only  about  a  1-month  period  or  1/12  of  the  year. 

This  period  of  peak  public  need  unfortunately  coincides  with  the 
period  of  peak  public  use.  Although  this  1-month  period  presents  a 
higher  potential  hazard  than  that  from  a  constant  6756.5  restriction 
level,  having  an  effective  operation  plan  which  maintains  usability 
of  the  recreational  aspects  of  the  lake's  waters  is  reasonable 
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and  Justifiable.  Considering  the  planned  restriction  In  total.  It 
Is  considered  that  a  meaningful  reduction  In  risk  and  hazard  will  be 
achieved  and  although  the  impact  on  recreation  and  Irrigation  is 
significant  the  plan  recommended  is  both  responsible  with  respect  to 
public  safety  and  responsive  to  public  needs. 

IV.  Conclusions 

The  question  of  a  level  of  acceptable  risk  is  brought  to  bear  at 
Jackson  Lake  as  the  twin  goals  of  maintaining  dam  safety  and  pro¬ 
viding  maximum  benefits  from  the  project  are  brought  together. 
Responsible  management  of  a  public  facility  in  such  a  case  requires 
that  an  objective  assessment  is  made  of  the  hazard,  the  risk  of 
failure,  and  the  loss  in  benefits  due  to  any  restriction  imposed. 

To  determine  an  appropriate  restriction  level  a  "reasonable  worst 
case"  analysis  was  made  and  in  addition,  a  decision  analysis  model 
was  used  to  provide  a  convenient  format  for  presentation  of  all  the 
available  information  and  to  permit  an  objective  evaluation  of  these 
data.  Similar  conclusions  were  reached  by  both  methods.  Although 
the  data  were  limited,  the  risk  analysis  clearly  showed  a  marked 
decrease  in  the  risk  of  overtopping  with  decreasing  reservoir 
elevation. 

Analysis  oi  the  flood  hydrograph  for  the  most  likely  hypothetical 
failure  mode  likewise  showed  a  significant  decrease  in  potential 
hazard  with  decreasing  reservoir  elevation.  Examination  of  these 
relationships,  and  determination  of  a  reservoir  operation  procedure 
which  minimizes  adverse  impact  from  a  restricted  reservoir  level 
permitted  establishing  a  reservoir  operation  plan  which  provides  for 
a  meaningful  reduction  in  risk  to  the  -public  and  yet  maintains  the 
usefulness  of  the  reservoir. 
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UNITED  STATES  b'cPARTMENT  OF  COMMERCE 
National  Bureau  of  Standards 

Washington.  D  C.  20234 


August  8,  1980 


William  F.  Marcuson,  III 

Earthquake  Engineering  and  Geophysics  Division 

Geotechnical  Laboratory 

Department  of  the  Army 

Waterways  Experiment  Station,  Corps  of  Engineers 

P.0.  Box  631 

Vicksburg,  MS  39180 

Dear  Bill: 

Attached  are  my  topic  statements  pertaining  to  the  Knoxville  meeting. 

Topic  of  on-going  research  at  NBS  in  geotechnical  earthquake  engineering. 

1.  In  the  area  of  soil  liquefaction,  NBS  is  exploring  the  effect  of  cyclic 
strain  on  pore  water  pressure  build-up  and  the  existence  of  a  threshold 
shear  strain  below  which  no  volume  change  will  occur.  A  design  approach 
has  been  suggested  by  which  information  on  G  as  measured  by  geophysical 
methods  can  be  used  to  determine  whether  liquefaction  at  a  site  is  possible. 

2.  In  a  study  of  the  Standard  Penetration  Test  NBS  measured  simultaneously 
the  potential  energy  of  the  hammer  before  its  downward  motion,  the  kinetic 
energy  at  impact  and  the  energy  which  reaches  the  sample  by  the  stress-wave 
propagated  through  the  drill  stem.  By  comparing  these  energies  it  has  been 
determined  that  the  geometry  of  the  hammer  has  a  significant  effect  on  the 
energy  transmitted  when  the  drill  stem  is  „hort.  NBS  will  also  study  avail¬ 
able  blow  count  data  from  Japan  to  determine  whether  they  need  to  be  re¬ 
interpreted  because  of  differences  in  delivered  energy. 


Sincerely  yours, 


Felix  Y.  Yokel,  Ph.D.,  P.E. 

Leader,  Geotechnical  Engineering  Group 
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TOPIC  STATEMENT 


Agency _ Priority _  1980  Session  Number _ 

Subject  Area  Soil  Dynamics _ 

Project  Title  Dynamic  Properties  of  Gravelly  Soils _ 

Performing  Organization  Materials  Engineering  Laboratory _  _ 

Principal  Investigator  Y.  C.  Chung _ 

Starting  Year  ££  80 _  Estimated  Completion  Year 

TECHNICAL  OBJECTIVES: 

Information  in  the  literature  on  this  subject  is  sparse,  studies  to  investigate 
both  shear  moduli  and  damping  factors  of  granular  soils  will  be  conducted  to 
provide  vital  information  for  the  dynamic  stability  analysis. 


TECHNICAL  APPROACH: 

A  number  of  different  gradations  will  be  considered  representing  gravel 
sizes  only  and  blends  of  gravel  and  sand  with  a  maximum  size  of  1-1/2  inch 
down  to  the  fine  sand  fraction.  Tests  will  be  conducted  in  a  torsional 
resonant  column  apparatus  with  free-free  boundary  conditions  for  6-in.- 
diameter  specimens. 


GENERAL  PROGRESS: 

Computer  program  for  6-in. -diameter  specimen  has  been  verified. 


PLANS  FOR  NEXT  Ti-.T.LVE  MONTHS: 


1.  Establish  vibratory  compaction  technique  to  prepare  6-in. -diameter 
specimens . 

2.  Establish  and  perform  standard  resonant  column  test  procedures. 
Evaluate  test  results. 
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APPENDIX  2 

FUNDING  PRIORITIES  OF  THE  NATIONAL  SCIENCE 
FOUNDATION  FOR  EARTHQUAKE-RELATED  RESEARCH 


NATIONAL  SCIENCE  FOUNDATION 
WASHINGTON  DC  20550 


September  5,  1980 


W.F.  Marcuson ,  III 
Research  Civil  Engineer 
U.S.  Waterways  Experiment  Station 
Vicksburg,  MS  39180 

RE:  Interagency  Working  Group  for  Earthquake 

Engineering  Research  Coordination 


Dear  Bill: 

Enclosed  are  summaries  of  NSF-funded  research  projects  related  to 
"Earthquake  Analysis  for  Evaluating  Dam  Safety".  These  projects 
have  been  funded  in  the  last  several  years  under  the  Earthquake 
Hazards  Mitigation  Program. 

I  look  forward  to  seeing  you  in  Knoxville. 

Best  wishes. 


William  W.  Hakala 
Program  Manager 
Problem  Focused  Research 


Attachments 


Induced  Seismicity  at  Nurek,  Tadjikistan.  USSR 
David  W.  Simpson 

Lamont-Doher ty  Geological  Observatory,  Columbia  University 
Palisades,  NY  10027 

Award  t  77-25324  (Continuation  of  77-01092) 

$207,125  for  21  months  beginning  January  31,  1978 
(Total  award:  $314,025) 


The  seismic  regime  can  be  severely  modified  by  the  impounding  of  large 
reservoirs.  Earthquakes  with  Richter  magnitudes  near  5  have  occurred 
near  five  large  reservoirs,  resulting  in  millions  of  dollars  of 
property  damage,  structural  damage  to  dams,  the  loss  of  more  than  200 
lives  and  injuries  to  thousands  of  persons.  Throughout  the  world, 
over  100  large  dams  are  now  under  construction  or  in  the  planning 
stage,  at  least  some  of  which  are  likely  to  cause  induced  activity. 

The  potential  for  a  major  disaster  is  obvious,  yet  scientists  are  just 
beginning  to  understand  this  type  of  seismic  activity. 

A  joint  US-USSR  study  of  seismicity  at  Nurek  Reservoir,  Tadjikistan, 
USSR  has  been  underway  since  1975.  An  existing  network  of  ten  Soviet 
Seismograph  Stations  within  50  km  of  the  reservoir  is  being  augmented 
with  a  ten  station  network  of  American  radio-telemetered  seismographs 
located  within  10  km  of  the  reservoir.  A  model  has  been  developed  to 
explain  many  of  the  observed  features  of  the  temporal  and  spatial 
characteristics  of  the  induced  seismicity  at  Nurek.  This  model,  based 
on  the  interaction  between  stresses  created  by  the  reservoir  load  and 
increased  pore  pressure,  show  that  the  times  of  greatest 
potential  for  increased  seismicity  are  following  rapid  increases  and 
during  rapid  decreases  in  reservoir  water  levels. 

This  project  is  continuing  this  seismicity  study  and  is  investigating 
the  earthquake  spectra,  and  the  causes  of  induced  seismicity.  The 
objective  is  to  further  the  understanding  of  the  process  by  which 
reservoir  induced  seismicity  occurs,  to  identify  the  characteristics 
o.f  the  induced  activity  and  to  develop  a  framework  for  the  assessment 
of  the  potential  for  induced  seismicity  at  a  given  reservoir  site. 

This  project  is  a  continuation  of  Grant  ENV77-01092 
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Induced  Seismicity  at  Nurek  Reservoir,  Tadjikistan.  USSR 
David  W.  Simpson 

Lamont-Doherty  Geological  Observatory,  Columbia  University 
Palisades,  NY  10027 
Award  »  77-0109 2 

$106,125  ( $81 , 900AEN ,  $25,000  EAR)  for  12  months  beginning  Dec.  15. 
1976 


The  seismic  regime  can  be  severely  modified  by  the  impounding  of  large 
reservoirs.  Earthquake  with  magnitudes  of  6  have  occurred  near  five 
large  reservoirs,  resulting  in  millions  of  dollars  of  property  damage, 
structural  damage  to  dams,  the  loss  of  more  than  200  lives  and 
injuries  to  thousands  of  persons.  Throughout  the  world,  over  100 
large  dams  are  now  under  construction  or  in  the  planning  stage,  at 
least  some  of  which  are  likely  to  cause  induced  activity.  The 
potential  for  a  major  disaster  is  obvious,  yet  some  scientists  are 
just  beginning  to  understand  this  type  of  seismic  activity. 

This  project  is  to  continue  a  joint  US-USSR  study,  begun  in  1975,  of 
seismicity  at  Nurek  Reservoir,  Tadjikistan,  USSR.  An  existing  network 
of  ten  Soviet  Seismograph  Stations  within  50  km  of  the  reservoir  is 
being  augmented  with  a  ten  station  network  of  American 

radio-telemetered  seismographs  located  within  10  km  of  the  reservoir. 

A  model  has  been  developed  to  explain  many  of  the  observed  features  of 
the  temporal  and  spatial  characteristics  of  the  induced  seismicity  at 
Nurek.  This  model,  based  on  the  interaction  between  stresses  created 
by  the  reservoir  load  and  increased  pore  pressure,  shows  that  the 
times  of  greatest  potential  for  increased  seismicity  are  following 
rapid  increases  and  during  the  rapid  decreases  in  water  load.  Tests 
of  this  model  and  further  refinements  to  it  will  be  made  as  the 
reservoir  continues  to  fill. 
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Risk-Based  Assessment  of  the  Saferty  of  Dams 
Erik  H.  VanMarcke 

Massachusetts  Institute  of  Technology 
Cambridge,  M  A  02139 
Award  9  78-15898 

$230,995  for  16  months  beginning  March  1,  1979 


Major  constructed  facilities,  such  as  dams,  pose  potential  hazards  to 
life  and  property,  and  to  the  environment.  To  date,  the  profession 
has,  largely  by  trial  and  error,  developed  design  prodedures  which  do 
not  require  explicit,  quantitative  treatment  of  risk  and  uncertainty. 
The  objective  of  this  project  is  to  develop  a  methodology  for 
quantitative  assessment  of  the  risk  of  dam  failure  and  risk-benefit 
for  alternative  measures  for  dam  hazard  mitigation,  and  to  establish 
scientific  basis  for  risk-based  dam  safety  design  provisions  and 
criteria  . 

Research  will  be  carried  out  to  develop  a  general  framework  for  risk 
and  decision  analysis  of  dams,  to  develop  risk  analysis  methodology 
for  specific  dam  failure  causes  and  mechanism  such  as  hydrology, 
earthquake,  stability  and  landslide,  Foundation  defects  and  uneven 
settlement,  and  load  comb i na t i ons  .  Effort  will  also  be  made  to  apply 
the  methods  developed  to  specific  dam  engineering  problems  in  order  to 
test  me thodol i ges ,  to  uncover  needed  improvements  and  gaps  in 
procedures  . 
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Seismic  Response  of  Three-Dimensional  Dam-Reservoir  Systems 
Theodore  Y.  Wu 

California  Institute  of  Techonology 
Pasadena ,  CA 
Award  if  77-16085 

$222,518  for  36  months  beginning  March  15,  1978 


The  objective  of  this  project  is  to  determine,  by  theoretical  and 
numerical  analysis,  the  seismic  response  of  a  dynamically  coupled, 
three-dimensional  dam-reservoir  system  including  the  hydrodynamic 
interaction  effect,  the  flexibility  effect,  the  effect  of  phase 
variation  and  spatial  attenuation  of  seismic  waves,  and  the  side 
confinement  of  the  dam. 

The  failure  of  a  dam  during  strong  earthquakes  can  cause  catastrophic 
property  damage  and  loss  of  human  lives  to  a  densely  populated 
community  on  the  downstream  side  of  the  dam.  Since  the  cost  of 
constructing  a  major  dam  is  very  large,  it  is  important  to  carry  out 
research  to  ascertain  adequate  design  criteria  for  constructing  future 
dams  and  to  develop  and  Improve  methods  for  monitoring  the  safety 
performance  of  existing  dams  during  earthquakes. 

Hydrodynamic  loading  functions  have  been  determined  for  various 
reservoir  configurations.  In  this  project,  efforts  will  be  directed 
to  studies  of  the  the  hydroelasticity  response  of  the  dam-reservoir  as 
a  system  during  a  typical  strong  earthquake,  the  effect  of  water 
compressibility,  the  elastic  property  of  the  dam,  the  effect  of  wave 
propagation,  etc.  will  be  considered. 
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Earthquake  Response  of  Dams  Including  Hydrodynamic  and  Foundation 

Reactions 

Anil  K.  Chopra 

University  of  California 

Berkeley,  CA  94720 

Award  t  76-30073 

$138,300  for  2  years  beginning  November  15,  1976 
($67,600  in  FY  77  -  $70,700  in  FY  78) 


The  basic  purpose  of  this  research  investigation  is  to  develop  (i) 
reliable  and  effective  techniques  for  earthquake  analysis  of  dams 
including  effects  of  hydrodynamic  and  foundation  interaction,  and  (ii) 
a  fundamental  understanding  of  the  effects  of  interaction  and  their 
significance  in  the  response  of  dams  to  earthquake  ground  motion. 

Dams  of  three  types:  conctete  gravity,  concrete  arch  and  earth,  are 
included . 

Procedures  for  including  hydrodynamic  and  foundation  interaction 
effects  in  analysis  of  response  of  darrs  to  earthquake  ground  motion 
will  be  formulated.  Computer  programs  will  be  developed  to  implement 
these  procedures  for  numerical  evaluation  of  earthquake  significance 
of  interaction  effects  in  earthquake  response  of  dams. 

The  developments  and  results  expected  from  the  proposed  investigation 
will  enable  better  evaluation  of  the  response  of  dams  to  earthquake 
ground  motion,  thus  improving  the  capability  to  assess  the  safety  of 
existing  dams  and  of  designs  proposed  for  dams  to  be  constructed. 
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Earthquake  Behavior  of  Techi  Dam 
Ray  W.  Clougn 
University  of  California 
Berkeley.  CA  94720 
Award  »  78-19333 

$151,728  for  24  months  beginning  January  15.  1979 


Numerical  methods,  particularly  the  finite  element  procedures,  for 
seismic  response  analysis  of  arch  dams  have  been  well  developed. 
However,  many  assumptions  inherent  in  the  analyses  have  not  been 
verified  by  experiments  and  many  uncertainties  remain  in  the  results 
even  after  the  most  refined  analyses.  The  objective  of  the  project  is 
to  conduct  U.S.  -  Republic  of  China  cooperative  research  to  obtain 
seismic  response  information  from  the  Techi  Dam  in  Taiwan.  The  Techi 
Dam  is  a  modern,  thin  shell  concrete  structure  located  in  a  region  of 
significant  seismic  behavior  of  arch  dams.  The  project  will  install 
additional  instrumentation  in  the  dam,  calculate  and  measure  the  dam 
vibration  properties,  refine  the  mathematical  model  through  numerical 
analysis,  observation  and  correlation  study,  evaluate  the  seismic 
response  and  perform  table  tests  of  soaled  dan  models. 

The  project  will  demonstrate  the  effectiveness  of  current  response 
analysis  procedures,  and  will  provide  inproved  techniques  for  treating 
reservoir  and  foundation  interaction,  as  well  as  better  understanding 
of  expected  faiure  mechanism. 


Support  of  USCOLD  Committee  -  Evaluation  of  the  Incremental  Seismic 
Risk  Due  to  Reservoir  Filling 
George  W .  Housner 

California  Institute  of  Technology 
Pasadena,  CA  91104 
Award  #  76-01545 

$12,400  for  24  months  beginning  September  1,  1976 


This  grant  will  provide  continued  support  for  the  USCOLD  Committee  or 
Earthquake  Effects  on  Dams.  Members  of  the  committee  represent 
industry,  academic  institutions,  and  Government.  All  of  the  committ* 
members  have  a  particular  interest  in  the  earthquake  safety  of  dams 
and  the  development  of  the  best  procedures  for  planning  and  desingnir 
dams  in  seismic  regions. 

The  committee  has  in  progress  the  following  projects: 

1.  Effects  of  reservoir  filling  on  occurrence  of  earthquakes  near 
dams. 

2.  Seismic  instrumentation  for  dams.  This  project  has  been 
completed  and  a  report  has  been  published.  The  report  has  bee 
submitted  for  publication  in  the  Geotechnical  Journal  of  the 
American  Society  of  Engineers. 

3.  Earthquakes  near  dams.  This  project  is  collecting  information 
on  recorded  strong  earthquake  motions  on  or  near  dams. 

4.  Dams  damaged  by  earthquakes.  This  project  is  collecting 
information  on  all  dams  that  have  experienced  strong  ground 
shaking  with  or  without  damage. 
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Earthquake  Stability  of  Reinforced  Earth  Structures 

Kenneth  L .  Lee 

University  of  California 

Los  Angeles,  CA  90024 

Award  A  75-  '  54  1  7 

$276,900  for  24  months  beginning  January  1,  1976 


This  project  is  for  continued  research  on  the  topic  of  seismic  design 
of  reinforced  earth  struc  res  retaining  walls,  dikes  and  dans,  etc. 
The  previous  studies  have  led  to  a  suggested  seismic  design  method  for 
s  special  type  of  reinforced  earth  retaining  wall.  In  addition,  it 
has  also  demonstrated  the  validity  of  using  small  scale  models  for 
studying  the  static  and  dynamic  response  of  reinforced  walls.  The 
findings  form  the  basis  for  the  additional  continued  studies  proposed 
herein  to  extend  the  scope  of  the  research  to  cover  a  variety  of 
possible  wall  designs  for  special  conditions. 

It  is  proposed  to  perform  (1)  more  model  tests  with  small  walls  up  to 
15  in.  high  on  the  horizontal  sinusoidal  motion  shaking  table  at  UCLA, 
(2)  large  scale  model  tests  with  walls  up  to  5  ft.  high  on  the  large 
shaking  table  at  Berkeley  to  verify  and  extend  the  small  scale  .model 
tests,  (3)  forced  vibration  tests  to  obtain  the  modal  frequencies  of 
existing  walls  at  different  excitation  levels,  (4)  additional  soil-tie 
friction  studies,  and  (5)  analytical  and  semi -emp i r i ca 1  studies  to 
refine  the  stress  distribution  analysis,  and  especially  to  study  the 
problem  of  wall  deformations  which  develop  during  sustained  strong 
shaking. 

It  is  intended  that  the  work  proposed  herein  will  lead  to  a  logical 
final  conclusion  which  will  enable  engineers  to  proceec  confidently 
with  seismic  designs  for  particular  projects  involving  the  reinforced 
earth  techniques. 
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Analysis  of  the  Seismic  Stability  of  Earth  Dams 

H.  Bolton  Seed 

University  of  California 

Berkeley,  CA  94720 

Award  t  75-21875 

$173,500  for  24  months  starting  February  15,  1976 


The  near  failure  of  the  San  Fernando  Dams  in  the  earthquake  of  Feb. 

9,  1971  has  led  to  increased  concern  regarding  the  seismic  stability 
of  embankment  dams  and  the  usefulness  of  older  methods  of  evaluating 
seismic  stability.  On  the  other  hand,  many  older  earth  dams,  built 
before  any  seismic  design  techniques  were  in  use  at  all,  are  known  to 
have  survived  extremely  strong  earthquake  shaking  without  any 
detrimental  effects.  A  study  will  be  made  of  the  significant 
differences  between  earth  dams  known  to  have  performed  well  and  dams 
known  to  have  performed  poorly  during  strong  earthquake  shaking  to 
determine  the  signifincant  factors  responsible  for  these  difference  in 
behavior.  In  addition  recently  developed  dynamic  analysis  methods  for 
evaluating  the  seismic  response  and  performance  of  dams  will  be 
investigated  for  their  adequacy  and  effectiveness  in  predicting  the 
observed  performance  with  sufficient  reliability  to  ensure  public 
safety  without  being  unduly  o ve r con s e r v a t  i  ve  . 

The  specific  objective  of  this  research  is  to  develop  simplified 
procedures  for  evaluating  the  probable  performance  of  earth  dams 
subjected  to  strong  earthquake  shaking.  The  results  of  this  research 
would  contribute  significantly  to  both  improved  safety  and  economy  in 
the  design  of  these  critical  structures. 
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Dynamic  Testing  and  Acoustic  Analysis  of  Concrete  Dans 
G.  Bruce  Taylor 
Anco  Engineers,  Inc. 

Santa  Monica,  CA  904Q4 
Award  II  79-00004 

$165,496  for  18  months  beginning  June  1,  1979 


A  dynamic  test  procedure  for  concrete  dams  will  be  developed  to 
acoustically  detect  defects  in  dams  which  could  cause  failure  under 
extreme  conditions.  A  gas  expansion  device  will  be  submerged  in  the 
reservoir  near  the  face  of  the  dam.  The  shock  wave  which  is  produced 
in  the  water  will  interact  with  the  concrete  interface  and  excite 
motion  in  the  dam.  Any  defects  which  exist  in  the  structure  will  emit 
acoustic  signals  which  will  be  located  through  triangulation.  The 
testing  program  will  be  augmented  with  a  detailed  analytical  study  of 
the  structure  utilizing  finite  element  analysis  techniques. 
Approximately  eight  concrete  dams  located  in  the  United  States  will  be 
examined.  This  non-destructive  test  method  should  be  of  great  value 
in  helping  to  evaluate  the  safety  of  dams  subjected  to  seismic  and 
other  loadings. 
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Seismic  Response  of  Three-Dimensional  Dam  Reservoir  Systems 
Allen  T.  Chwang 

California  Institute  of  Technology 
Pasadena,  CA  91125 
Award  t  77-16985 

$221,547  for  36  months  beginning  March  15,  1978 


The  potential  failure  of  a  dam  during  strong  earthquakes  can  cause 
catastrophic  property  damage  and  lo3s  of  human  lives  to  a  densely 
populated  community  of  the  downstream  side  of  the  dam.  Since  the  cost 
of  constructing  a  major  dam  is  very  large,  it  is  important  to  carry 
out  research  to  ascertain  adequate  design  criteria  for  constructing 
future  dams  and  to  develop  and  improve  methods  for  monitoring  the 
safety  performance  of  existing  dams  during  earthquakes. 

The  objective  of  this  projects  is  to  determine,  by  theoretical  and 
numerical  analysis,  the  seismic  response  of  a  dynamically  coupled, 
three-dimensional  damreservoir  system  including  the  hydrodynamic 
interaction  effect,  the  flexibility  effect,  the  effect  of  phase 
variation  and  spatial  attenuation  of  seismic  waves,  and  the  effects  of 
the  side  confinement  of  the  dam.  Preliminary  experimental  verifi¬ 
cation  of  theoretical  results  on  full-scale  dams  will  also  be 
conducted . 
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A  Symbol  Processor  for  Earth  Dam  Seismic  Response  With  A 


Nonlinear-Inelastic 
Soil  Model 
John  0.  Dow 

University  of  Colorado 
Boulder,  CO  80302 
Award  #78-23073 

$28,160  for  12  months  beginning  January  1,  1978 


The  research  objectives  are  to  improve  the  nonlinear,  inelastic  soil 
model  in  the  seismic  response  analysis  of  earth  dams  and  to  incor¬ 
porate  this  development  into  LUSH,  a  currently  used  finite  element 
earth  dam  seismic  response  program.  The  developments  will  include  the 
significant  nonlinear  effects  cause  by  large  shear  deformations  by 
modeling  the  soil  with  a  step-wise  linear  representation.  Recently 
developed  symbol  processing  techniques  will  be  utilized  in  the 
development  of  finite  element  and  overall  system  matrices  to:  (1) 
Replace  approximate  numerical  algorithms  with  exact  operations.  (2) 
Formulate  expressions  which  are  too  complex  or  time  consuming  to  be 
performed  by  hand.  (3)  Generate  closed  form  solutions  by  executing 
numerical  algorithms  in  symbolic  form. 

The  research  will  provide:  (1)  An  analysis  procedure  for  seismic 
stability  and  liquefaction  potential  in  embankment  dams,  (2)  Static 
analysis  of  nonlinear,  inelastic  systems,  (3)  Dynamic  analysis  of 
other  large  systems  such  as  buildings  and  bridges,  ( 4 )  Computer  aided 
design  by  allowing  parametric  definition  of  system  properties. 


Ear t h qu a k e-Induced  Longitudinal  Vibration  of  Earth  Dams 


Ahmed  M.  Abde 1-Gha f f ar 

University  of  Illinois  at  Chicago  Circle  (initial  award) 

Princeton  University,  Princeton,  NJ  08540  (current) 

(transferred  Award  #  80-05615  from  Chicago  Circle) 

Award  »  78-22865 

$29,929  for  12  months  beginning  January  1,  1979  ($22,410  transferr 
to  Princeton) 


The  research  analyzes  the  longitudinal  vibrational  behavior  of  ear 
dams  during  earthquakes.  The  principal  objectives  of  the  investi¬ 
gation  are:  first,  development  of  a  simplified  method,  using  an 
analytical  elastic  model,  for  evaluation  of  dynamic  characteristic 
earth  dams  in  a  direction  parallel  to  the  dam  axis  and  for  estimat 
earthquake-induced  strains  and  stresses  in  that  direction.  Both  s 
and  compressional  (axial)  deformation  will  be  considered.  In  addi 
results  of  full-scale  dynamic  tests,  both  ambient  and  forced 
(conducted  by  the  investigator)  and  real  earthquake  observations  c 
some  existing  dams  will  be  utilized  to  confirm  and  improve  the  met 
of  analysis.  Secondly,  a  rational  procedure  will  be  developed  to 
estimate  dynamic  strains  and  cor r e s pond i n g  elastic  moduli  and  dan; 
factors  for  hysteresis  loops  from  the  crest  as  well  as  the  base 
records  of  earth  dams.  This  will  lead  to  a  study  of  the  nonlineai 
behavior  in  terms  of  the  variation  of  stiffness  and  damping  propet 
with  the  3train  levels  of  different  loops.  Finally,  the  data  so 
obtained  will  be  compared  with  those  previously  available  from 
laboratory  investigations. 
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APPENDIX  4 

RESEARCH  AND  DEVELOPMENT  AT  THE  U.  S.  ARMY  ENGINEER 
WATERWAYS  EXPERIMENT  STATION  RELATED  TO  EARTHQUAKE 
ANALYSIS  OF  DAM  SAFETY 


Seismic  Analyses  to  Evaluate  the  Safety 
of  Corps'  Concrete  Dams 

Paul  Mlakar 
Structures  Laboratory 
USAE  Waterways  Experiment  Station 

The  Corps'  current  criterion^  requires  that  concrete  dams  sustain  the 
tppropr iato  operating  basis  earthquake  without  loss  of  operating  or  extensive 
repair  and  that  these  structures  withstand  the  site's  maximum  credible  earth¬ 
quake  without  a  failure  involving  loss  of  life  or  extensive  property  damage.  The 
present  state  of  the  art  can  address  only  the  most  significant  factors  involved 
in  the  implied  linearly  elastic  response  to  the  operating  basis  earthquake.  The 
inelastic  response  of  concrete  dams,  which  must  sometimes  be  considered  for  the 
maximum  credible  earthquake,  is  the  subject  of  ongoing  research.  Until  the 
results  of  this  work  are  available,  the  seismic  safety  of  new  and  existing  concrete 
dams  is  being  assured  by  performing  state-of-the-art  linear  elastic  analyses  and 
interpreting  their  results  with  the  best  possible  engineering  judgment. 

This  state  of  the  practice  is  illustrated  by  the  seismic  safety  analysis 

of  the  concrete  portion  of  the  Richard  B.  Russell  Dam  performed  by  the  Waterways 

2  3 

Experiment  Station  for  the  Savannah  District.  *  The  maximum  credible  earthquake 
for  this  structure  was  specified  as  a  scaled  set  of  recorded  time  histories  and 
as  a  smoothed  elastic  response  spectrum.  Maximum  stresses  in  the  nonoverflow 
monoliths  were  computed  from  the  scaled  time  histories  and  from  a  synthetic 
time  history  consistent  with  the  smoothed  response  spectrum  using  a  two- 
dimensional  linear  elastic  finite  element  analysis  that  modeled  the  interaction 
between  structure  and  reservoir.  Values  for  these  stresses  were  also  computed 
from  the  smoothed  response  spectrum  using  the  first  mode  of  a  one-dimensional 
linear  elastic  analysis  and  approximately  including  the  effects  of  structure- 
reservoir  interaction.  The  safety  of  the  design  was  judged  by  comparing  the 
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results  of  a  similar  analysis  of  the  Koyna  Dam  to  the  performance  of  this 
structure  in  the  1967  earthquake.  Maximum  stresses  in  the  intake  and  overflow 
monoliths  were  computed  from  the  smoothed  response  spectrum  using  three- 
dimensional,  linear,  elastic  finite  element  analyses  in  which  the  inertial 
effects  of  hydrodynamic  interaction  were  approximated.  The  safety  of  these 
monoliths  was  judged  by  considering  the  influence  of  foundation  flexibility  on 
base  stresses  and  the  presence  of  reinforcing  steel  in  areas  highly  stressed 
by  operational  loading  conditions. 
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INTRODUCTION 


TVA  has  responsibility  for  the  operation,  maintenance,  and  safety  of  kj 
existing  dams.  These  dams  are  quite  variable  in  type,  size,  age,  and 
function.  TVA  has  dams  on  the  main  river  with  navigation  and  power 
generating  facilities;  multi-purpose  dams  for  flood  control,  recreation, 
and  power  generation;  a  dam  for  pumped-storage  power  generation;  and 
detention  (dry)  dams.  Roughly  half  of  the  dams  are  concrete  and  half 
are  earth  and/or  rockfill.  The  concrete  dams  are  gravity  dams,  and  many 
of  them  have  flanks  of  earthfill.  TVA  does  not  have  any  concrete  arch 
dams.  The  dams  made  of  earth  material  consist  of  compacted  earthfills, 
hydraulic  fills,  dumped  rockfills,  compacted  rockfills,  and  rock-filled 
timber  crib.  The  dams  vary  in  age  from  19H  to  Tellico  Dam  which  was 
closed  last  December  (1979)-  Six  dams  were  acquired  from  previous  owners. 
These  purchased  dams  were  constructed  around  1911  to  1913  and  1930  and  are 
Older  than  TVA  which  was  created  in  1933*  The  first  two  TVA  dams,  Norris 
and  Wheeler,  were  designed  by  the  Bureau  of  Reclamation.  Most  of  the  dams 
were  designed  and  constructed  by  TVA  using  state-of-the-art  techniques 
that  were  accepted  by  the  profession  at  the  time.  Relative  to  earthquakes, 
most  of  the  earlier  dams  had  no  earthquake  analyses  during  design  except 
Norris,  Kentucky,  Pickwick,  and  Wheeler.  Later,  pseudo-static  earthquake 
analyses  were  routinely  investigated  during  design. 

TVA  has  not  engaged  in  "pure"  research  and  development  in  its  dam  safety 
program.  Research  and  development  endeavors  have  been  project  oriented  to 
relate  to  specific  needs  identified  during  an  evaluation. 

DAM  SAFETY  EVALUATIONS  RELATED  TO  NUCLEAR  POWER  PLANT  PROGRAM 


During  the  mid  to  late  1970's  TVA  evaluated  three  of  its  existing  dams  as 
a  result  of  its  nuclear  power  plant  construction  program. 

The  most  sophisticated  investigation  was  at  Watauga  Dam  which  is  a  318-foot- 
high  dumped  rockfill  dam  with  a  compacted  central  core  of  earth.  Standard 
penetration  test  and  undisturbed  sample  borings  were  made.  In-situ  geophysi¬ 
cal  measurements  were  made  from  the  bore  holes.  Laboratory  static  and  cyclic 
triaxial  shear  tests  were  conducted.  Woodward-Clyde  Consultants  performed  a 
nonlinear  dynamic  finite  element  analysis  of  the  dam.  This  analysis  was  of 
the  type  used  on  the  San  Fernando  dams.  In  addition,  TVA  obtained  the 
opinion  of  Dr.  H.  Bolton  Seed  on  the  earthquake  stability  of  this  dam. 

Chatuge  and  Nottely  Dams  were  evaluated  for  seismic  stability  by  Dr.  A.  J. 
HendLron  of  the  University  of  Illinois.  Standard  penetration  test  and 
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undisturbed  sample  borings  were  made  at  both  sites.  Piezometers  were 
intalled  at  Nottely  Dam.  Static  and  cyclic  triaxial  shear  tests  were 
made  on  the  undisturbed  samples.  The  cyclic  tests  were  net  entirely 
conventional.  Consolidated-undrained  test  specimens  were  strained  to 
62  to  68  percent  of  their  static  strength,  then  given  10  loading  cycles 
that  were  15  percent  of  the  static  strength,  and  then  strained  to  failure 
statically.  Dr.  Hendron  made  a  dynamic  analysis  to  evaluate  each  dam 
using  th$  Newmark  Displacement  Analysis . 

DAM  SAFETY  REVIEW 

Like  other  Federal  agencies  responsible  for  dam  safety,  TVA  has  instituted 
a  dam  safety  evaluation  during  the  past  couple  years.  TVA  has  had  a  strong 
inspection  and  maintenance  program  in  operation  for  many  years. 

I  will  only  discuss  the  areas  of  the  dam  safety  evaluation  that  are  of 
interest  to  this  group--the  seismic  and  structural  evaluation.  I  will  not 
discuss  TVA's  hydrologic  evaluation,  emergency  preparedness  plans,  security, 
etc.,  that  are  a  part  of  the  overall  evaluation. 

TVA  has  used  a  step-by-step  process  in, its  dam  safety  evaluation.  This 
philosophy  permits  advancement  to  a  higher  and  more  refined  level  of  study 
if  warranted  or  termination  of  an  evaluation  depending  upon  individual 
project  needs.  This  procedure  can  be  summarized  as  follows: 

1.  Evaluate  existing  available  data. 

2.  Obtain  additional  data  where  existing  data  is  inadequate,  e.g.,  new 
borings,  additional  laboratory  tests. 

3.  Evaluate  data  using  empirical  parameters. 

4.  Initiate  simplified  and  conservative  analyses,  e.g.,  pseudo-static  or 
Newmark  stability  analyses. 

5.  If  above  evaluations  appear  to  be  unfavorable,  do  more  refined  analysis, 
e.g.,  energy  balance  or  finite  element. 

Blue  Ridge  Dam  has  been  evaluated  by  TVA  in  our  dam  safety  review  program. 
This  167-foot-high  dam  is  a  semi-hydraulic  fill  dam  built  in  1930  and  pur¬ 
chased  by  TVA  in  1939*  Standard  penetration  test  and  undisturbed  sample 
borings  were  made  and  piezometers  installed  in  the  dam.  Liquefaction 
potential  was  initially  investigated  by  evaluating  the  data  by  the  empiri¬ 
cal  parameters  reported  by  D’Appolonia  in  1970  in  the  ASCE  Geotechnical 
Journal.  Laboratory  static  and  cyclic  consolidated-undrained  triaxial 
shear  tests  were  subsequently  made.  Hie  cyclic  tests  were  similar  in 
nature  to  the  type  used  at  Chatuge  and  Nottely,  but  the  strain  pattern 
and  loads  were  different.  A  dynamic  analysis  was  made  by  the  use  of  the 
Newmark  method. 
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SEISMIC  EVALUATION 


Seismic  studies  have  been  made  to  determine  the  maximum  creditable  earth¬ 
quake  (MCE)  at  each  dam  site.  Three  seismo-tectonic  provinces  have  been 
defined  in  the  TVA  area.  These  are  the  East  Tennessee  (Southern  Appalachian), 
the  mid- Tennessee  (Central  Stable  Region),  and  the  West  (New  Madrid  Faulted 
Zone).  Two  techniques  were  used  to  determine  the  MCE.  On  one  method,  it 
was  assumed  that  the  maximum  historical  earthquake  within  the  province  could 
occur  at  the  dam  site.  The  second  approach  considered  the  largest  historical 
earthquake  that  had  occurred  outside  the  province.  This  earthquake  was  assumed 
to  occur  on  the  province  boundary  at  the  nearest  point  to  the  site,  and  the 
earthquake  was  attenuated  to  the  dam  site .  The  theoretical  maximum- ground 
acceleration  for  the  MCE  was  found  to  be  0.15g  for  all  dam  sites  except  the 
Beech  River  dams  which  were  0.20g  and  Kentucky  Dam  which  was  0.35g.  Subse¬ 
quently,  a  comparison  was  made  of  the  acceleration  for  the  MCE  with  the 
acceleration  which  the  dam  was  originally  designed. 

STRUCTURAL  EVALUATION  OF  EARTH  AMD  ROCKFILL  DAMS 


Ihis  evaluation  consisted  of  studying  reports,  photos,  as-built  drawings, 
lab  test  data,  construction  records,  performance  histories,  etc.  This 
evaluation  was  oriented  toward  discovering  any  deficiencies  or  questionable 
items  related  to  construction  methods,  foundation  materials,  embankment 
materials,  embankment  zonation,  design,  etc.  Projects  were  placed  in  a 
"high,  moderate,  low,  or  none"  priority  category  for  future  recommended 
action.  As  a  result  of  these  studies,  TVA  has  made  some  new  borings, 
conducted  lab  testing  and  made  limited  analytical  studies.  More  work  is 
planned  in  the  near  future . 

STRUCTURAL  EVALUATION  OF  CONCRETE  DAMS 


TVA  has  done  some  simplified  dynamic  analyses  to  determine  the  amplification 
throughout  the  dam  of  horizontal  and  vertical  accelerations  at  the  bedrock 
surface.  Dynamic  forces  are  obtained  using  a  lump  mass  stick  model.  These 
dynamic  forces  are  then  applied  as  equivalent  static  forces  in  overturning 
and  sliding  analyses.  If  overturning  appears  to  be  a  problem  with  this 
simplified  analysis,  an  energy  balance  study  is  made.  This  analysis  involves 
the  determination  of  the  energy  required  to  raise  and  move  the  center  of  mass 
of  the  structure  to  reach  an  overturning  position.  The  maximum  kinetic 
energy  of  the  structure  as  it  rocks  due  to  the  combined  effect  of  the  earth¬ 
quake  ground  motion  and  structural  response  is  determined.  A  factor  of 
safety  against  overturning  can  be  obtained  from  the  ratio  of  energy  required 
to  overturn  the  structure  to  maximum  kinetic  energy. 

RESULTS  OF  DAM  SAFETY  EVALUATION 


As  a  result  of  the  seismic,  hydrologic,  and  structural  evaluations  made  to 
date,  the  following  has  been  revealed: 

1.  Some  hydrologic  concerns  relative  to  spillway  capacities. 

2.  Some  concerns  about  Kentucky  Dam  mainly  due  to  its  location  relative  to 
the  New  Madrid  area  and  some  sand  in  part  of  its  foundation. 
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3.  Some  concerns  relative  to  TVA's  two  hydraulic  fill  dams  and  a  few 
others  with  sands  in  their  foundation. 

In  general,  TVA  feels  good  about  the  safety  aspects  of  its  dams.  TVA  has 
developed  a  tentative  schedule  for  further  studies  and  evaluation  on  a 
priority  sequence  relative  to  the  magnitude  of  our  concerns. 

OTHER  DAM  SAFETY  IMPROVEMENTS  AT  TVA 

At  this  time,  TVA  has  no  plans  to  upgrade  any  of  its  dams  due  to  seismic 
considerations.  TVA  has  recently  upgraded  some  dams,  is  currently  upgrading 
a  dam,  and  has  future  plans  to  upgrade  dams  for  structural  or  hydrologic 
reasons.  All  upgradings  to  date  and  those  presently  planned  are  on  old 
dams  purchased  by  TVA.  TVA  plans  to  study  other  dams  designed  and  built 
by  the  agency  to  determine  if  upgrading  is  required. 

Mass  concrete  was  added  to  the  spillway,  intake  blocks,  and  nonoverflow 
blocks  at  Nolichucky  Dam  in  1972-73  to  improve  its  stability. 

The  structural  stability  of  Ocoee  No.  1  was  upgraded  in  1973-75.  The  non¬ 
overflow  and  intake  blocks  were  posttensioned  with  tendons  into  bedrock, 
and  additional  face  concrete  was  added  to  these  blocks  for  aesthetic 
reasons.  Mass  concrete  was  added  to  the  spillway  blocks. 

At  this  time  roller  compacted  concrete  is  being  added  to  the  downstream 
face  of  Ocoee  No.  2  Dam  to  improve  its  stability.  This  67  year  old  low 
hazard  structure  is  a  rock- filled  timber  crib  cam. 

Plans  are  being  finalized  to  add  three  new  spillway  bays  at  Blue  Ridge 
Dam.  This  will  upgrade  the  dam  to  handle  the  maximum  probable  flood. 

This  addition  is  awaiting  approval  of  the  TVA  Board  of  Directors. 
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APPENDIX  6 

RESEARCH  AND  DEVELOPMENT  AT  THE  WATER  AND  POWER 
RESOURCE  SERVICE  RELATED  TO  EARTHQUAKE  ANALYSIS 
OF  DAM  SAFETY 


Research  and  Development  Related  to 
Earthquake  Analysis  for  Evaluating 
Dam  Safety 


Water  and  Power  Resources  Service 
Larry  Von  Thun 
September  19,  1980 

I.  Definition  of  Seismic  Loads 

A.  Contracting  to  a  greater  degree  for  selection  of  earthquake 
magnitudes  and  location  affecting  site.  Requiring  MCE  and  recur¬ 
rence  data  for  each  source.  Asking  for  MCE  recurrence.  Encouraging 
contractors  to  develop  rationale  other  than  magnitude  to  rupture 
length  =  1/2  fault  length  relation. 

B.  Ground  motions  retained  in  house.  Developing  standard  base 
procedure  based  on  scaling  normalized  near  field  spectra  according 
to  spectral  intensity.  Modification  of  standard  spectra  would  be 
made  for  specific  site  or  source  conditions. 

C.  Recurrence  interval  or  probability  level  being  used  is  still 
100,000  year  or  1  x  10~5.  Looking  coward  balanced  risk  approach 
decision  in  1  year.  Still  awaiting  joint  decision  among  Federal 
agencies  on  active  fault  criteria. 

II.  Analysis  of  Earth  Dams  -  Rockfill  Dams 

A.  Developing  criteria  and  procedures  to  avoid  hydraulic  fracturing 
during  sampling. 

B.  Improvement  of  soil  testing  techniques.  (Discussed  in  research 
statement . ) 

C.  Shear  wave  velocity  measurements  improvement.  (Discussed  in 
research  statement.) 

D.  Use  of  both  rotational  shear  and  repeated  direct  shear  to  obtain 
residual  strengths. 

E  .  Strong  motion  instrumentation.  (Discussed  in  research  statement.) 

F.  Development  of  computer  program  for  displacement  calculation 

using  time  history  of  motion  and  Newmark  type  displacement  calculations. 
Incorporate  effects  of  time  history  of  pore  pressure  change,  strength 
change,  hydrodynamic  effects,  vertical  acceleration,  and  momentum. 

G.  Model  in  laboratory  to  verify  above  analytical  technique. 

H.  Laboratory  model  to  examine  fault  displacement  response  of  filter 
materials. 
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III.  Analysis  of  Concrete  Dams 

A.  Fault  displacement  analysis  using  analytical  tools  of 
dam-foundation  interaction. 

B.  Behavior  of  dams  following  tectonic  fault  displacement. 

(Discussed  in  research  statement.) 

C.  Hydrodynamic  interaction.  (Discussed  in  research  statement.) 

D.  Dynamic  properties  of  concrete.  (Discussed  in  research  statement.) 

E.  Dynamic  performance  of  a  jointed  rock  mass  strength  and  defor- 
mational  response.  (Proposal  stage) 

F.  Improved  instrumentation  to  obtain  dynamic  response.  (Need) 

G.  Effect  of  traveling  waves  on  dynamic  performance.  (Need) 
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APPENDIX  7 

QUESTIONNAIRE:  ASSESSMENT  OF  CURRENT  PRACTICES  AND  RESEARCH 
NEEDS  FOR  DYNAMIC  EARTH  PRESSURES  ON  RETAINING 
STRUCTURES,  FROM  PAUL  F,  HADALA,  U.  S.  ARMY 
ENGINEER  WATERWAYS  EXPERIMENT  STATION 


1 


DEPARTMENT  OF  THE  ARMY 

WATERWAYS  EXPERIMENT  STATION.  CORPS  OF  ENGINEERS 
P.  O  BOX  631 

VICKSBURG.  MISSISSIPPI  39180 


IN  Rf.PL>  RfPER  TO 


S  March  l  Obi 


■  :  ••  • '  *•  1  I:-:.,  •r.ne  ri  1  -e 

Karl  Dr  her,  V.'aser  Fewer 


.  fi a  'jii .  t* i  i  j  '  1 1 .1  a  v  l  1  i  e  ,  t  i\  _■  i  '/'l." 

,-er  :r  ini  at rat ion,  Fortlnnu,  Or.  9, 
vvnvo;  ferviee,  Denver,  CO  '.Jr '  •} 


:.e  ..erne-. : 

At  the  reycc-  -:ler  i960  meeting,  the  Earthquake  Engineering  1  nr.  Gr-  up 
i-E'  Dr  I  5  ?!.  .  i  ly  the  .-.leer  ini*  Cor_T, itt.ee  of  the  Interagency  Per.earch  Coor¬ 
dination  Conference  requested  you  gent  1  e:r.en  and  me  to  serve  as  points 
•  f  contact  for  c:  ordination  on  the  subject  of  seismic  loadings  c.n  retain¬ 
ing  walls.  a-.:r»e  the  Corps  of  Fin  gin  ers  is  revising  EM  1 3 1 0-2-/!jG.J, 

"il  fairing  '..'alls’’  (hay  iOt-i ) ,  at  this  tire  and  would  like  to  iucl.iue 
the-  S'-st  available  guidance  on  "c  isn.ic  design  of  earth  retaining  struc¬ 
tures,  1  would  iike  to  solicit  your  assistance  on  a  quid-j  iv— quo  basis. 

f  have  formulated  several  questions  and  provided  answers  to  th-'sc  same 
quest i ons  based  •  •«  tire  present  status  of  the  subject  area  ns  F  kn  v  it. 
r  -q.iOJt  that  each  of  you  answer  the  ca^ie  questions  and  furnish  copies 
of  your  answers  to  the  other  three  Members .  This  will  aomnpl i sh  my 
personal  objective  and  will  certainly  satisfy  the  request  of  the  working, 
group  for  coordination  in  the  area. 

The  questions  are  as  follows: 

(a)  Does  your  agency  have  any  published  guidance  dcun.ments  that 
deal  with  seismic  loadings  on  retaining  walls?  In  addition  to  tic  1  i V. * ' i  1  I 
induced  loadings  for  the  level  surface  case,  is  there  any  . mi  lance  for 
seismic  loading."  ui  the  "p-  i  ve"  side  and  in  backs’i  1 1  in  hired  re;  "ic 
'•ads  in  'he  •••  -•  .-  ••>*'  •  i  as  in.-  -r  .,ur  ■:  ..  •  \i  i  nr',,  u  i  1  g.V  p.  •  re  f  i  r.u 

. . *  -  j  w*.  ■  -  *ri  ’i-'.-tiOy  ?V- 1*  !■:':*  .  i '■  i  : 

•  ■  '  t.  -.  i,  .*  ?  •  :*  hi? 

'  1  ' '  •  '  r: , 
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6  March  1 98 1 


WKSGA 

Hr .  Frank  Hand 
Mr .  Robert  Bourn 
Mr.  Karl  Preher 

(d)  Is  new  guidance  currently  under  developnient?  When  is  it  presently 
scheduled  to  be  released? 

(e)  Are  you  presently  conducting  any  research,  analysis,  or  testing 
In  the  subject  area?  If  sc,  please  describe  ana  cell  when  the  results 
will  be  available. 

(f)  Are  you  aware  of  any  references  or.  the  subject  in  addition  to 
those  in  Incl  1?  If  so,  please  furnish  title,  author,  date,  ana  source 
for  each. 

fg)  are  groundwater-induced  loadings  treated  when  a  portion  of 

t ::e  backfill  is  below  the  groundwater  table?  Is  the  pore  water  assured 
to  -ove  with  the  soil  and  the  mas s  of  the  moving  wedge  increase:  to  account 
for  the  prt nonce  of  the  water?  Is  the  p: -re- water  pressure  calculated 
separately?  If  it  is,  is  there  any  inert ially-induced  component  in  this 
pressure  and  how  is  it  calculated?  'what  distribution,  with  elevation, 
is  used  for  inertial  groundwater  loadings? 

(h)  Fas  any  consideration  been  given  by  your  agency  to  the  adoption 
of  (1)  "allowable  rigid  body  movement"  and  "allowable  rigid  body  tilt" 
criteria  and  (2)  seismic-design  procedures  for  retaining  walls,  which  would 
involve  the  calculation  of  such  movements  in  some  manner  analogous  to  the 
sliding  block  model  proposed  by  New, -nark  in  his  1965  Rankine  Lecture? 

(i)  Does  your  agency  have  any  published  guidance  documents  that  d°al 
with  the  structural  design  of  retaining  walls  for  seismic  loadings?  If 
so,  please  provide  references. 

(j)  Does  your  agency  use  any  special  design  details  in  the  rein¬ 
forcing  steel,  the  construction,  contraction  or  expansion  joints,  the 
backfill  drains,  or  toe  drains  for  walls  which  are  in  areas  of  high  seismic 
risk? 


(k)  How  do  allowable  stresses  for  the  concrete  and  reinforcing  sit  c**»l 
used  in  the  seismic  loading  case  compare  with  those  used  for  the  siatic- 
l:.s.  ling  cases? 

(l)  How  are  inertial  water  loads  calculated  for  those  walls  vTk- re 
tiie  wall  actually  functions  to  retain  impounied  water  as  in  the  cose  o'1 
a  fioodwall  or  n  wing  wall  for  an  intake  structure  or  ro.rn.ping  plant? 

lues t ions  (i),  (j),  (k),  and  (l)  are  not  really  within  the  province  of 
>.  sr  ihurter.  Mr.  Luc  •  r.  Gultr':-  of  the  Structures  "much  in  0C~  •  u  -g-.-so  i 
i  ' o-v  be  inclined  in  ••  .-.•*•  to  o •>. .'e  time  in  collecting  inf  r-aticn  t,.  c-ioi 
for  other  c-  «rp  .ses. 
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Mr .  i  "ink  Hand 
Mr.  Robert  Bourn 
Mr.  Karl  Dreher 


8  March  !98l 


My  mowers  to  all  of  the  above  questions  except  (f)  are  contained  in  Incl  2. 
mol  sure  1  is  my  response  to  question  (f).  Your  response  to  this  letter 
by  31.  March  1931  would  be  greatly  appreciated.  If  you  wish  clarification 
of  any  of  ;ny  questions,  pleare  call  me  at  KTS  5-*i2-3b75  or  commercial  number 

tfu  '63^-3^75.  * 


Geotechnical  Laboratory 


As  stated 
CR  w/incl: 

UODA  i .•Oi-C.-.'E-SS/fia  .1  ph  Beene  ) 

ii  <TA  ( DA KK-ry.’E-DS/I/UC i an  Guthrie) 

fist.  Liner.  ( GW TED-i'-T/Scott  Gleason) 

Div.  Lngr.  ( I,MVKD-T3/Victor  Agost inelli ) 

Lr.  W.  F.  Marcuson,  WES 

Pr.  P.  F.  Mlaker,  WES 

Div.  Kr.gr.  (8PDKD-0/Kr.  F.  G.  Mcl.ean) 
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ANSWERS  TO  QUESTIONS  POSED  IT: 


;  ..v  rTpi,^ 

ADDRESS  LETTER  OF  2  MARCH 

(a)  Does  your  agency  have  any  published  guidance  documents  that  deal 

with  seismic  loads  on  retaining  walls?  In  addition  to  the  backfill- induced 
loading  for  the  level  surface  case,  is  there  any  guidance  for  seismic 
leadings  on  the  "passive"  side  and  in  backfill-induced  seismic  leads  for 
the  cases  of  sloping  or  surcharged  backfills?  Please  furnish  copies  or 
references . 

Paragraph  5  of  EM  1110-2-2502,  "Retaining  Walls,"  dated  29  May  i$(l , 
is  our  only  published  guidance  on  the  subject.  The  entire  paragraph  is 
reproduced  in  Incl  1.  It  gives  no  guidance  concerning  the  items  mentioned 
in  the  second  sentence  of  question  (a)  except  for  the  last  sentence  in 
Incl  1. 

ER  lllC-?-l8o6,  "Earthquake  Design  and  Analysis  Tor  Corps  of  Engineers 
Dams,"  (Incl  2)  makes  no  specific  mention  of  retaining  walls  of  any  type. 

If  the  wall  were  an  appurtenant  structure  whose  loss  would  somehow  cause 
the  loss  of  the  reservoir,  this  regulation  would  also  apply.  While  the 
regulation  provides  guidance  on  the  choice  of  parameters  to  describe-  the 
earthquake,  no  analysis  or  design  procedures  applicable  to  reinforced 
concrete  wails  are  mentioned. 

Department  of  the  Army  TO  5-809-10,  "feismic  Design  for  Ruil  lings," 
gives  no  guidance  on  seismically -induced  earth-pressure  loadings  on  the 
exterior  basement  walls  of  buildings. 

(b)  How  do  safety  factors  for  overturning  sliding  and  foundation- bearing 
pressure,  which  your  agency  uses  for  the  seismic  loading,  case,  c-  nipare 
with  those  used  for  static  loads? 

EM  1110-9-2502  dc.es  riot  differentiate  between  the  two  cares  with 
resi ect  to  the  above-mentioned  safety  factors. 

( e  )  What  distribution,  with  elevation,  of  earth-pro;  sure  1 1  ad ' nr  or 
what  point  of  application  of  concent  rated  force  is  use.!  f  -r  !r  '■•rt’al 
’..ladings  from  backfi!  1  sM  i  s\ 

Paragraph  5  of  EM  l 10-2-- 509  su  -gests  the  use  f  an  inertial  force 
n  the  .all  at  a  <1  ’  s*  nn.-e  a  roue  ;  ore  of  2/3  f  the-  he'.  •  i.t  the  w- 1  i. 
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(d)  Is  new  guidance  presently  under  development?  When  is  it  presently 
scheduled  to  be  released? 

As  mentioned  in  the  basic  letter,  EM  1110-2-2502  is  currently  under 
revision.  A  firm  date  for  the  release  of  the  revision  is  currently 
unavailable. 

(e’  Are  you  presently  conducting  any  research,  analysis,  or  testing  in 
the  subject  area?  Please  describe  it  and  tell  when  the  results  will  be 
available . 

No  research,  testing,  or  analysis  is  in  progress.  Mission  Problem 
ho.  11-033-9,  "Earthquake  Loadings  on  High  Retaining  Walls,"  (incl  3)  was 
submitted  for  rating  by  the  Corps  of  Engineers  field-operating  agencies 
in  December  1950.  It  was  ranked  231  out  of  bjO.  Because  the  ranking 
is  below  the  median,  it  is  unlikely  that  any  financial  support  for  research 

in  this  area  will  be  forthcoming  in  the  near  future. 

The  LMVD  Computer  Aided  Structural  Engineering  (CASE)  Committee  has 
had  a  subcommittee  at  work  on  a  computer  program  for  the  design  of  T-walls. 
This  program  includes  a  provision  for  calculation  of  seismic  loadings  via 
the  Mononobe-Okabe  method  as  suggested  in  the  May  1961  edition  of  EM  111 0-2- 
2502.  The  question  concerning  the  treatment  of  pore-water  loadings  during 
earthquake  excitation  raised  in  the  basic  letter  arose  during  the  prepara¬ 
tion  and  review  of  this  program  and  its  draft  documentation. 

(f)  Are  you  aware  of  any  reference  on  the  subject  in  addition  to  those 

in  Incl  l? 

No. 

(g)  How  are  groundwater-induced  loadings  treated  when  a  portion  of  the 
backfill  is  below  the  groundwater  table?  Is  the  pore  water  assumed  to 
move  with  the  soil  and  the  mass  of  the  moving  wedge  increased  to  account 
for  the  presence  of  the  water?  Is  the  pore-water  pressure  calculated 
separately?  If  it  is,  is  there  any  inertial iy-induced  component  in  this 
pressure  and  huw  is  it  calculated?  What  distribution,  with  elevation,  is 
used  for  inertial  groundwater  loadings? 

FM  1110-2-2502  gives  no  guidance  on  this  quest!  n.  References  5*  1 1 , 
and  -0  in  Tncl  1  to  the  basic  letter  give  c  fli^tinr  advice  or.  the  subject. 

There  appear  to  he  no  data  f r  shaking  tests  n  walls  where  water  5  s-'  . v  ires 

« 

..•-re  m-as  -red.  All  the  lab  .rat. wry  tests  have  be-.-n  j  erf«  rrr.ea  using  dry  am. 
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Surveys  of  field  performance  of  walls  In  earthquakes  indicate  that  many  more 
seismically '-induced  failures  have  occurred  in  walls  used  as  waterfront 
structures  than  in  walls  which  had  unsaturated  backfills  or  foundations. 

See  for  example  References  2,  6,  and  31  of  Incl  1  to  the  basic  letter  which, 
when  considered  together,  illustrate  this  point.  Whether  the  failures  of 
the  waterfront  structures  are  due  to  loss  of  bearing  capacity  (i.e.,  lique¬ 
faction)  or  excess  loading  on  the  wall  cannot  be  determined  from  the  infor¬ 
mation  available. 

(h)  Has  consideration  been  given  by  your  agency  to  the  adoption  of 

(1)  "allowable  rigid  body  movement"  and  "allowable  rigid  body  tilt"  criteria 
and  (2)  seismic  design  procedures  for  retaining  walls  which  involve  the 
calculation  of  such  mov  .ments  in  some  manner  analogous  to  the  sliding 
block  model  prepared  by  Newmark  in  his  1965  Rankine  Lecture? 

No.  We  are  aware  of  Reference  29  of  Incl  1  tc  the  basic  letter 
which  proposes  such  a  method  and  of  the  fact  that  the  National  Science 
Foundation  has  given  Professor  Whitman  at  WIT  a  grant  for  additional 
research  in  this  area. 

(i)  Does  your  agency  have  any  published  guidance  documents  that  deal 
with  the  structural  design  of  retaining  walls  for  seismic  loadings? 

Yes.  EM  1110-2-2502,  Paragraph  5b  and  9  provides  such  guidance. 

(j)  Does  your  agency  use  any  special  design  details  in  the  reinforcing 
steel,  the  construction,  contraction  or  expansion  of  joints,  the  backfill 
drains,  or  toe  drains  for  walls  which  are  in  areas  of  high  seismic  risk? 

No. 

(k)  How  do  allowable  stresses  for  concrete  and  reinforcing  steel  used 

in  the  seismic  loading  case  compare  with  those  used  for  the  static  loading 
case? 

See  Paragraph  5b  of  the  current  edition  of  EM  1110-2-2502,  which  says 
that,  "increased  working  stresses  are  permissible,"  and  refers  the  reader 
to  EM  1110-1-2101  for  details.  Paragraph  ^  of  that  manual  permits  a  33  percent 
increase . 

(l)  How  are  inertial  water  Ira  is  calculated  for  those  walls  where  the 
wall  actually  functions  to  retain  impounded  water  as  in  the  case  of  a 
floopwall,  or  wingwali  for  an  intake  or  pumping  plant? 

The  procedure  to  be-  used  is  specified  in  EM  1110-2-2502  and  is  given 
in  n. .  . L 1 C-  :-2230 ,  'Gravity  Pam  i  vi.Vi."  The  pr  cedure  is  based  a  Wester— 
gaard’s  i'eti.d.  fee  air  .  r -  -e  'C,  tf  incl  1  tc  the  baric  X‘r. 
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>n>l,!.K.\fENTAL  LOADS.  A  retaining  wall  may  bo  required  to  resist,  other  loads,  alone,  or 
•biiiiuiou  with  the  lateral  earth  pressures  produced  by  the  haekfill  and  surcharge  loadings. 

"ind  Iliads.  When  walls  are  constructed  in  an  exposed  location,  wind  loads  inay.be  a  factor 

t'  '"ii^tnii  non  and  prior  to  backfilling.  Where  such  a  condition  exists,  a  horizontal  loading  of 
*  -ho, del  p,,  j:|  plied, 

•  Arthqu.ike  Loads.  When  a  nail  performing  an  important  function  is  to  l»e  built  in  an  area  of 
icm  n  \ ,  earthquake  Drees  should  he  provided  for  in  the  design.  Such  forces  are  a  Group  II 
■  "  r  "  ’iu  !i  in.-: ea^.  ti  working  si  1,-sses  are  permissible  (KM  1110  1-2101,  Working  Stresses  for 
•  onl  t)'-.;;ii!  "|  •  i  i  f .  i ;  1 1 )  Budding  ("ode"  of  International  ('onfereiice  of  Building  Officials  (I. os 

1  uhf  ,  •■on’.aios  a  l  nited  States  map  outliijing  seismic  damage  zones.  Karthcjunke  acceleru- 
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tions  of  05g  and  .10g  should  be  used  in  Zones  2  ami  3,  respectively.  Seismic  forces  acting  on  a  w*, 

are  as  follows:  . 

-  (l)  The  inertia  forte  of  the  wall  mass  is  applied  at  the  center  of  gravity. 

(2)  Dxnamie  water  loads  are  determined  by  Wcstergaurd’s  parabola.  (KM  1110  2-220(j 
Gruvitv  Dam  Design.)  The  structure  is  designed  for  simultaneous  increase#  and  decreases  on  opposite 
sides  of  the  wall  when  such  can  occur. 

(3)  Although  there  is  uncertainty  concerning  behavior  of  backfill  during  earthquakes,  tl* 
dvnnmic  earth  pressure  magnitude  can  be  approximated  by  the  method  of  Mononobe  and  Dkiibe 
Japan  (Summarized  in  “Bearing  Capacity  of  Sandy  Soil  and  Lateral  Karth  Pressure  During  Kart* 
quakes’’,  by  Shimzo  Okamoto,  Proceedings  of  World  Conference  on  Earthquake  Engineering,  B.  rkelei 
Calif.,  1056).  fn  this  method,  the  horizontal  earthquake  acceleration  is  combined  with  gravity  acting 
on  the  Coulomb  sliding  wedge  in  cither  positive  or  negative  direction  to  produce  the  resultant  cartin'' 
pressure  on  the  wall.  Experiments  by  Matsuo  in  Japan  gave  fair  agreement  with  the  total  nuigniftifc. 
of  the  resultant  force,  but.  gave  an  entirely  different  pressure  distribution,  t^ee  V.  32  1  “.Wisuk 
D.  simi  of  Quav  Walls  in  Japan,"  by  Amano  et  al.,  Proceedings  of  World  Conference  on  Ear  (bquai^ 
Engineering,  Berkeley,  Calif.,  1056.)  Professor  Jacobsen’s  shaking-table  experiments  at  Mnnfoi. 
University  (made  for"  TV  A  Kentucky  Project)  also  verified  the  magnitude  of  the  total  dynamic  fun 
determined  by  the  Mourn, obe-Okabe  method  (within  the  earthquake  acceleration  range  nppheable, 
the  CS)  ami  found  that  this  component  nets  at  about  two-thirds  the  fill  height  above  the  base.  D  . 

,  „f  ,’hp  ,h  mimic  effect  is  affected  somewhat  by  the  type  of  backfill.  With  a  typical  bm  Mill 
lhe  ilvmimie  earth  pressure  increase  for  an  acceleration  of  O.Ong  is  approximately  10'  (  of  the  statu  pre-  sis 
,i : i d  for  0.  W»g  acceleration,  it  is.  about  20%.  Decreases  for  negative  accelerations  arc  slightly  but  m  ) 
.-I  '.li/icantli  less.  A  vertical  wall  face  is  assumed  in  this  method.  When  a  wall  has  a  -ethack  ot  Mopi;  . 
fare,  the  portion  of  backfill  between  tlie  wall  ami  a  vertical  plane  through  the  heel  can  be  a-  umrdr. 
exert  ati  inertia  force  added  to  that  of  the  wall  muss. 
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Regulation 

No.  1 1 10-2-1306  30  April  1977 


Engineering  and  Design 
EARTHQUAKE  DESIGN  AND  ANALYSIS  FOR 
CORPS  OF  ENGINEERS  DAMS 

1.  Purpose.  The  purposes  of  this  ER  are  to  discuss  seismic  design 
concents  and  to  provide  general  guidance  and  direction  for  (a)  the 
seismic  design  of  new  dam  structures  and  (b)  the  initiation  of  a  program 
to  evaluate  the  seismic  stability  of  existing  dams. 

2.  Applicability.  This  regulation  is  applicable  to  all  Divisions  and 
Districts  having  Civil  Works  responsibilities. 

3.  References .  Selected  references  are  listed  in  Table  1,  Appendix  A. 

4.  Policy.  Designs  for  seismic  stability  of  new  dans  and  seismic 
stability  investigations  of  existing  dams  should  be  in  accord  with  these 
instructions.  Departures  nay  be  proposed  where  there  are,  in  the  judg¬ 
ment  of  the  district  Engineer,  justifying  circumstances. 


S.  General. 

a.  Technology  in  earthquake  engineering  is  changing  rapidly.  Pro¬ 
cedures  for  selecting  design  earthquakes  and  dynamic  response  techniques 
are  now  available  to  help  in  assessing  the  resistance  of  dans  and 
appurtenant  structures  to  earthquakes.  Such  techniques  and  procedures 
involve  an  evaluation  of  the  effects  on  structures  of  estimated  earth¬ 
quake  ground  motions,  and  range  from  simplified  concepts  to  comprehensive 
dynamic  analyses  of  the  finite  element  type.  Although  Corps  of  Engineers 
designs  will  continue  to  employ  the  seismic  coefficient  method  of 
analysis,  a  supplemental  dynamic  response  investigation,  representative 
of  tiie  ''state-of-the-art",  should  be  performed  for  critical  structures 

in  locations  of  strong  seismicity. 

b.  Regardless  of  the  method  of  analysis,  the  final  evaluation  of 

the  seismic  safety  of  the  structure  should  be  based  on  all  pertinent 

factors  involved  in  the  investigation,  and  not  just  on  the  numerical 

results  of  the  analysis.  Factors  that  should  be  considered  in  the 

final  evaluation  include  reliability  of  input  data  to  the  analysis 

(seismicity,  foundation  conditions,  material  behavior)  as  well  as  other 

items  such  ns  consequences  of  failure,  frequency  and  duration  of  pool 

levels,  and  site  gccmetr*’. 

°  '  * 

This  i ogu] at i on  cancels  ill.  1110-2-109  dated  2T  Oct  TO. 
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c.  Investigations  and  analyses  for  the  earthquake  engineering  of 
.lams  and  anj'ui  t cnant  structures  arc  listed  in  Table  2  of  Appendix  A. 

801:0  of  the  procedures  involved  in  these  activities  are  still  in  a 
developmental  stage,  and  are  not  considered  as  routine  at  this  time. 

6 .  Definitions.  * 

a.  T of  Earthquake  Analyses . 

r  1  5  stric  Coefficient  Method.  Using  this  procedure  a  seismic 

•  ;  1  i  ••nt , '  wr.ich- ri-nresentT  t’hc  ratio  of  an  assumed  acceleration  of 

zture  to  the  acceleration  of  gravity,  is  multiplied  by  the  weight 
rre  or  element  the  reof  to  obtain  the  horizontal  inertial 
f  w  .  j‘‘.e  forces  resulting  from  the  reaction  of  reservoir  rater  on 

.  i  1  cr  near-vertical  surfaces  of  the  structure  are  usually  ceter- 
:  d  1  y  the  ih-stergaard  formula  (Reference  8)  using  the  selected 
•  1  ■  ic  1  ^efficient.  The  derived  inertial  and  hydrodynamic  forces  are 

incorporated  into  a  static  analysis  as  described  in  References  6  and  8. 

1,2)  Dynamic  Methods.  Dynamic  response  analyses  are  based  upon 

».  S' :  cV.arrtct eristics  and  the  exnected  e round  motions 

for  the  particular  location  and  employ  one  or  more  of  the  following 
methods : 

(a)  Response  Spectrum  Method.  This  method  is  used  to  estimate 

the  n.!'. in:n:i  dynamic*  response  of  concrete  dams  and  appurtenant  structures 
due  to  a  design  earthquake.  The  design  response  spectrum  must  be  known 
for  systems  with  natural  frequencies  similar  to  ’-he  natural  frequencies 
of  tie  structure  being  investigated.  Ground  motion  values  for 
de‘  >  ::„inii.g  design  response  spectra  curves  are  derived  from  geological 
.ml  sci  sr.iloqical  studies.  These  parameters,  when  properly  modified  to 
account  for  the  dynamic  characteristics  of  the  structure,  define  the 

dviia.idc  response  of  an  equivalent  system.  This  method  provides 
t  r.*:utuk-s  and  distribution  of  the  scismically  induced  forces  on 
the  structure.  The  dynamic  stresses  are  computed  by  an  equivalent 
static  stns;  analysis  and  then  are  compared  with  the  dynamic  material 
st.ts.tha  to  evaluate  seismic  stability.  Inputs  to  this  method  of 
iiy.-..-.ic  ,i,vi lysis  include  natural  frequencies,  mode  shapes  and  damping 
of  the  st rue: urc.  The  structure  can  be  modeled  as  a  one-,  two-,  or 
M.reo  dimensional  system. 

(b)  T i  ■  History  Method.  This  method  is  used  to  analyze  the 

,ic  rt  ■  ease"  with  respect  to  time  of  concrete  and  embankment  Jams 
’  nor  11,  •  i  >■  .nt  structures.  A  time  history  of  rock  motion  from  a 
:  :  m"  e  .•  1 1 ;  pul...  and  the  geometric  .-.id.  dynamic  properties  of  the 
,  .  lure  .  .'.Mar  feu, .nation  arc  the  inputs  to  a  computer  aided 
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analysis,  usually  using  a  finite  element  net hod  of  solution.  However, 
closed  solutions  are  available  for  one-dimensional  analyses.  The  outout 
includes  stress  distribution  and  magnitudes  of  motions  in  the  stricture 
and/or  foundation  as  functions  of  tine.  These  results  are  then  corcared 
with  the  dynamic  strengths  and  corresponding  deformations  to  evaluate 
seismic  stability.  The  structure  and/or  foundation  can  be  modeled  as  a 
one-,  two-,  or  three-dimensional  system. 

(c)  N'ewr.srh  Method.  The  Newt-ark  method  is  used  to  estimate  defor¬ 
mations  which  might  be  seisr.ical  ly- induced  in  an  embankment  dam.  The 
j.ccelcrat ion  required  to  overcome  the  dynamic  resistance  of  the  trial 
sliding  portion  of  an  embankment  is  determined  from  slooe  stability 
analyses  and  dynamic  shear  strengths.  This  yield  acceleration  is  used 
in  the  equations  of  motion  for  the  sliding  mass  to  compute  oernaaer.t 
displacements.  The  computed  displacements  are  then  compared  with  the 
allowable  displacements  to  determine  the  adequacy  of  the  structure. 

This  method  is  based  on  the  assumption  that  the  whole  moving  mass 
is  a  single  rigid  body  with  resistance  mobilized  along  the  sliding  sur¬ 
face. 

(5)  Dynamic  Method  References.  Table  2  of  Appendix  A  lists 
rcrerence  members  under  "remarks"  fer  the  methods  cf  dvnamic  analysis 
described  above. 

D--  Design  Earthquakes.  Design  earthquakes  define  the  ground  notion 
at  the  site  of  the  structure  and  form  the  bases  for  dynamic  response 
analyses.  Usually,  several  design  earthquakes  for  both  the  maximum 
earthquake  and  the  operating  basis  earthquake,  as  applicable,  are 
investigated. 

(1)  Maximum  Earthquake.  The  naximum  earthquake  is  defined  as  the 
.severest  earthquake  that  is  believed  to  be  possible  at  the  site  cn  the 
Hi'clir.  geological  and  seismological  evidence.  It  is  determined  by 
regional  and  local  studies  which  include  a  complete  review  of  ail 
historic  earthquake  data  of  events  sufficiently  nearby  to  influence  the 
project,  all  faults  in  the  area,  and  attenuations  between  causative 
faults  and  the  site. 

(2)  Operating :  Basis  Earl luniake.  The  "operational"  earthquake  is 
generally  more  moderate  titan  the  maximum  earthquake  and  is  selected 

on  a  probabi  1  i sti c  basis  from  regional  and  local  geology  ar.d  seismology 
studies  as  being  likely  to  occur  during  the  life  of  the  project.  It  is 
generally  as  large  ,?r.  earthquakes  that  have  occurred  in  the  seisr.o- 
tcctonic  province  in  which  the  site  is  located. 
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c.  Capable  Fault.  A  capable  fault  is  one  that  is  considered  to 
have  the  potential  for  generating  an  earthquake.  It  is  defined  as  a 
fault  that  can  be  shown  to  exhibit  one  or  more  of  the  following 

characteristics: 

(1)  Movement  at  or  near  the  ground  surface  at  least  once  within 
the  p..,;t  35,000  years. 

(2)  Macro-seismicity  (3.5  magnitude  or  greater)  instrumental ly 
dvter  ned  with  records  of  sufficient  precision  to  demonstrate  a  direct 
relationship  with  the  fault. 

(" i  A  structural  relationship  to  a  capable  fault  such  that  rove- 
<:  s.it  in  one  fault  could  be  reasonably  expected  to  cause  move:;. eat  on 
the  other. 

d.  Design  Response^  Snejctra.  A  design  response  spectrum  is  a  plot 
of  the  maximum  values  of  acceleration,  velocity,  and/or  displacement 
experienced  by  a  family  of  s ing lc-degree -of- freedom  systems  subjected 
to  a  time  history  of  the  design  earthquake  ground  motion.  Maximum 
values  of  the;  parameters  are  expressed  as  a  function  of  the  natural 

?•  r:."  h  and  damping  of  the  structure.  The  response  of  a  mult i-dc-gree- 
or- freedom  structure  can  be  estimated  by  taking  ♦be  square  root  or  the 
sum  of  the  squares  of  the  single-degrec-of-freedon  responses. 

e.  I.iquefact ion.  Liquefaction  is  the  sudden  large  decrease  of 
the  shearing  resistance  of  a  cohesionlcss  soil.  It  is  caused  by  the 
collapse-  of  the  soil  structure  due  to  strain  and  is  associated  with  a 
temporary  increase  of  the  pore  water  pressure.  It  involves  a  temporary 
transformation  of  the  material  into  a  fluid  mass. 

7.  Guidance  for  New  Designs. 

a.  Analyses  and  Procedures. 

(1)  Analyses  by  the  seismic  coefficient  method  will  continue  to 
be  used  for  all  new  designs  utilizing  seismic  coefficients  at  lc.ist  as 
large  as  shown  on  the  attached  Figures  1  through  4  of  Appendix  B.  In 
case  of  a  location  close  to  a  boundary  line,  the  higher  seismic 
coefficient  should  be  considered.  For  seismic  tones  for  areas  not 
shown  on  the  figures  in  Appendix  B,  see  the  seismic  tone  tabulation 

;n  faction  1  of  Reference  20. 

(2)  In  addition  to  a  seismic  coefficient  analysis,  the  seis.nic 
de  ign  of  all  major  dams  in  feisr.ic  bone  4,  and  in  Rone  3  where 
foundation  liquefaction  potential  exists,  should  include  dynami c  methods. 
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VI  is  iiO'.ilJ  involve  a  geological  and  scisnolcgical  evaluation  to  establish 
the  design  earthquake  (s)  and  a  dynamic  anal) sis  of  the  dan.  For  all 
other  major  dams  in  heismic  Eunes  0  through  3,  a  geological  and  seis- 
nological  review  should  be  conducted  to  locate  faults  and  ascertain  the 
seismic  h.  story  of  the  region  around  the  d  am .  Where  capable  faults  or 
recent  earthouaite  epicenters  are  discovered  within  a  distance  to  the 
dam  where  an  earthquake  could  cause  structural  damage,  a  cyr.r_.~ii c  analysis 
should  be  performed.  For  these  instructions  a  dan  is  considered  to  be 
n  major  one  if  its  failure  would  endanger  lives  or  vital  instai  1  ations . 

(3)  To  determine  if  a  foundation  liquefaction  potential  exists, 
the  in-situ  void  ratio  should  be  determined.  The  steady-state  or 
critical  void-ratio  should  also  be  determined  for  several  confining 
pressures  by  R  tests  on  undisturbed  samples  with  dead  load  incre.tents 

as  described  in  Reference  5.  A  comparison  of  these  values  will  indicate 
whether  the  soil  in-situ  is  dilative  or  cont ract ive  (liquefiable)  under 
existing  and  anticipated  loads.  A  piezometer  probe  (Reference  IE)  rr.ay 
be  used  in  saturated  sands  and  silts  to  determine  if  the  soil  is 
dilative  or  contractive  in-situ  under  the  existing  pressures. 

(4)  In  the  immediate  vicinity  of  capable  faults,  defensive  design 
again.?;  both  phvsieal  dislocation  of  the  utru-ture  and  zgz:nst  «t  r^r g 
vibrational  energy  should  be  erp loved. 

b. .  Defensive  Design  Measures . 

(1)  Fr.b ~n brent s  .  Defensive  design  features  for  embankment 
structures  should  be  used  regardless  of  the  method  of  seismic  analysis. 
Defensive  design  features  may  include:  (a)  ample  freeboard  to  allow 
for  the  loss  of  crest  elevation  due  to  subsidence,  slumping  or  fault 
displacement;  (b)  wide  transition  sections  of  filter  materials  which 
arc  least  vulnerable  to  cracking;  (c)  vertical  or  ne:  r- vert. i cal  drainage 
zones  in  the  central  portion  of  the  embankment ;  (d)  filter  mater. 3 is  of 
rounded  to  =ubrounded  gravels  and  sands;  (e)  increased  hydraui.c  con¬ 
ductivity  of  filter  layers  and  veitical  drainage  zones  or  Vat  •  dir,  .on 
of  additional  properly  designed  filter  zones  of  higher  conduct  . ity; 

(fj  wide  impervious  cores  of  "lnstic  clay  -  "tc-rials  or  of  suite  We  ■  ell 
c.’.fdeu  materials  to  help  insure  self-healing  iss  the  event  cram  . 

-•l:ou!d  occur;  (g)  stabilization  of  reservoir  i:n  sieges  tr  p;  . ,  r 

darn  saf.’ty  against  effects  caused  by  slides  into  the  rvsir.air  Mn  .  :  t 

details  that  will  minimize  ere-  i  on  in  the  event  of  iwcrtm  in  .  .  .  e- 

:  oval  of  foundation  material  that  may  be  r-dver.  ely  .atf<  t<_  ;>■  J 

notion:  fj)  flaring  embankment  sections  at  abutment  contacts ;  u :  i 
(k)  g  of  t:  ban!,  rents  to  minimize  saiur.ticn  of  .it  «-r  • I  *..  .n  <-.-t 

c  ir.es  steel  -pi  1  inf,  of  filter  material  may  ae  desirable  for  io.c  u 
errancy  repairs.  • 
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(2)  Concrete  Structures.  Defensive  design  features  for  concrete 
structures  include  Drovisions  for  increasing  strength  and  ductility. 

The  possible  occurrence  of  high  dynamic  tensile  stresses  in  the  upper 
portion  of  gravity  dans  indicates  that  the  past  practice  of  using 
lower  ? ;  rc-i.gth  concrete  in  the  upper  portions  of  high  gravity  structures 
should  be  discontinued.  Also,  the  break  in  slope  on  the  downstream 
face  of  gravity  dans  should  be  gradual  or  eliminated  to  avoid  unuesir- 
uMo  stress  concentrations.  Reinforced  elements  subjected  to  high 
uyr.aroc  c:  . rosstve  stresses,  such  as  the  lover  portion  of  intake 
towers,  should  to  detailed  to  provide  confinement  of  the  concrete  and 
prevent  buckling  of  the  principal  reinforcement.  Mass  at  the  crest  or 
near  the  top  of  structures  should  be  held  to  a  minimum,  consistent  with 
design  n  {u i repents .  In  locations  of  high  seismicity,  where  pro; ect 

requirements  permit,  controls  for  cut-and-cover  conduit  outlets  should 
be  housed  in  a  hemispherical  gate  structure  buried  beneath  the  embank¬ 
ment  in  lieu  of  in  a  tower.  Embedment  of  outlet  conduits  in  bedrock 
when  feasible  will  inn rove  seismic  stability.  For  outlet  tunnels, 
control  shafts  in  abutment  bedrock  are  preferable  to  tall,  free-standing 
intake  control  towers  in  areas  of  high  seismicity. 

8.  Investigative  Program  for  Existing  Dams.  The  following  investi- 
gatioTis  s‘m  i 1  db  c  oTc  ^ ..pT I  i  r.  h  c  d  at  ’.!!  existing  dam  ru  ejects,  including 
projects  under  construction,  where  faiiuie  would  endanger  lives  or 
vital  installations: 


a.  A  seismic  Stability  investigation  of  existing  dams  in  Seismic 
Zone  4  by  dynamic  methods. 

b.  Where  appropriate,  and  in  addition  to  Seismic  Zone  4  projects, 

a  liquefaction  potential  determination  for  all^existing  dams  in  Seismic 
Zone  3.  See  paragraph  7a (3). 

f 

c.  A  geological  and  seisnological  review  of  existing  dam  projects 
in  Seismic  Zones  2  and  3,  to  locate  faults  ar.d  ascertain  the  seismic 
history  of  the  region  around  the  dam  and  reservoir. 

d.  A  seismic  stability  investigation  of  existing  dams  by  dynamic 
methods  regardless  of  the  seismic  zone  in  which  the  dam  is  located  where 
capable  faults  or  recent  earthquake  epicenters  are  discovered  within  a 
distance  where  an  earthquake  could  cause  structural  damage. 

9.  Criteria. 

a.  Coisric  Coefficient  Method  of  Analysis.  The  results  of  seismic 
stability  analyses  by  tne  seismic  coefficient  method  shall  continue  to 
meet  re. p;  i  reveal  s  outlined  in  References  6,  8,  12  .ar.d  13. 
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b.  Dynamic  Analyses. 

(1)  Embankment  Dams .  Embankments  should  be  capable  of  retaining 
the  reservoir  under  conditions  induced  by  the  maximum  earthquake. 
Deformation  is  acceptable  provided  such  deformation  would  not  result  in 
failure  leading  to  loss  of  life  or  excessive  downstream  property  loss. 

(2)  Concrete  Dams .  The  seismic  design  for  concrete  dams  and 
appurtenant  structures  should  be  based  on  the  "operational"  earthquake. 
The  structure  should  resist. this  loading  essentially  within  the  elastic 
range,  remain  operational  and  not  require  extensive  repair  work. 
Mechanic? 1  and  control  systems  should  remain  functional  through  an 
''operational"  earthquake.  (The  elastic  response  spectrum  provides- a 
convenient  and  economical  method  for  deriving  earthquake  forces  for  this 
condition).  In  addition,  concrete  structures  should  be  capable  of 
surviving  a  maximum  earthquake  without  a  failure  of  a  type  that  would 
result  in  loss  of  life  or  significant  damage  to  downstream  property. 
Inelastic  behavior  with  associated  damage  is  permissible  under  the 
maximam  earthquake. 

10.  Action. 


a.  h'cw  Designs .  New  designs  for  seizin’  stability  will  be  based 
on  this  regulation  and  should  be  reported  in  the  appropriate  design 
memoranda. 


b .  Program  for  Existing  Dams. 

(1)  Each  Division  shall  submit  for  approval  a  recommended  schedule 
for  accompl is'ning  the  investigations  required  in  paragraph  8  of  this 
regulation  within  a  four-year  period.  This  schedule  should  include  the 
scope  of, the  investigation  recommended  for  each  dam.  -or  completeness, 
tne  schedule  should  also  include  projects  where  a  seismic  investigation 
is  complete  or  in  progress.  Projects  for  which  exclusion  from  the  re¬ 
quirements  of  this  regulation  is  desired  should  be  identified  and 
supporting  reasons  furnished.  Priority  should  be  given  to  embankment 
dams  having  cohesionless  foundation  strata  whose  densities  were  net 
evaluated  during  design  and  to  concrete  gravity  dams  on  soil,  shale, 
and  sandstone  foundations,  or  on  any  foundation  with  questionable 
sliding  stability.  The  schedule  should  be  submitted  to  HQDA  (PAE.V-CWE) 
WASH  DC  20514  within  six  months  from  the  date  of  this  regulation. 

Before  submission  the  schedule  must  be  coordinated  fully  with  appropriate 
elements  to  determine  the  adequacy  of  available  funds  to  support  the 
proposed  schedule.  (RCS  DAEN-C.'E(OT)1063) . 
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(2)  For  each  seismic  investigation  conducted,  a  report  will  be 
prepared  for  permanent  record  and  lefcTence  purposes.  The  report  will 
contain  a  descripion  of  the  dam  project  and  the  seismic  investigation 
made,  the  results  of  the  investigation,  and,  where  a  dynamic  analysis 

is  performed,  the  evaluation  of  the  seismic  stability  and  recommendations 
and  cost  estimates  for  remedial  work  where  appropriate. 

(3)  The  reports  shall  be  submitted  to  the  Division  Engineer  for 
review.  Tnc  reports  may  fce  approved  by  the  Division  Engineer  except 
for  the  following  situations  in  which  case  the  reports  shall  be  sub¬ 
mitted  to  IDDA  (DAEN-CNE- BB)  WASH  DC  20514  for  review  and  approval: 

(a)  Those  reports  prepared  in  Division  offices. 

(b)  Those  reports  of  investigations  and  subsequent  evaluations 
which  indicate  that  the  seismic  stability  is  questionable. 

(c)  Those  reports  of  investigations  and  subsequent  evaluations 
which  recommend  remedial  work. 

One  information  copy  of  each  report  approved  by  Division  Engineers  will 
be  furnished  DAEN-CWE- BB,  including  submittal  and  approval  correspondence. 
(Exempt  report  paragraph  7-2t,  AR  335-15). 

(4)  One  copy  of  each  approved  report  will  be  furnisher1  by  the 
originating  District  or  Division  directly  to  the  Waterways  Experiment 
Station,  ATTN:  Technical  Information  Center  (WESTV),  P.  0.  Box  631, 
Vicksburg.  Mississippi  59180.  F.ach  report  furnished  to  the  center  will 
contain  a  copy  of  all  correspondence  pertaining  to  its  submission, 
review,  and  approval,  bound  under  the  front  cover.  The  reports  will 

be  used  as  sources  of  data  to  help  integrate  ongoing  seismic  research 
with  current  design  practice  and  will  be  available  for  loan  to  other 
Corps  of  Engineers  installations.  The  center  will  announce  periodically 
the  reports  available  for  loan.  (Exempt  report  paragraph  7-2t,  AR  355-15). 

11.  Funding.  Normal  construction  and/or  operations  and  maintenance 
programmi ng  and  funding  should  recognize  the  requirements  of  this 
regulation  and  provide  for  accomplishment  of  tiie  needed  investigations 
within  the  time  indicated.  To  assure  that  the  requirements  of  this 
program  are  funded,  it  is  essential  that  the  scheduled  operations  be 
fully  coordinated  with  the  appropriate  elements  and  are  fully  justified 
in  the  budget  submissions. 

FOR  THE  CHIEF  OF  ENGINEERS: 


2.  Appendixes 

Ai’i’  A  -  Tables  1  and  2 

Ai’P  B  -  Figures  1  thru  4 
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Table  2 

EARTHQUAKE  ENGINEERING  ACTIVITIES 
ACTIVITIES  REMARKS 


1 .  Geological  and  Seisr  -gical 

a.  Fault  Detection,  Dating 
and  Assessment 


a.  Required  for  all  projects  in  seismic 
and  non-scismic  areas.  Should  be 
emphasized  where  seismic  design  is 
important,  especially  determinations  of 
fault  activity.  Assess  potential  for 
earthquakes  in  seismic  zones  where 
capable  faults  cannot  be  located.  See 
Ref.  2. 


b.  Design  Earthquakes  and 
associated  Ground  Motion 
Parameters 


b.  Required  for  dynamic  analyses. 

Where  capable  faults  can  be  identified, 
relate  magnitude  to  length  of  fault  and 
determine  attenuation  of  ground  notion 
from  fault  tc  site.  Resulting  design 
earthquakes  will  be  selected  considering 
all  evidence  available  including  tectonic 
and  seismological  history  as  well  as  fault 
activity.  See  Refs.  2,  9  and  11. 


c.  Time  Histories  and  Spectra  c.  For  dynamic  analyses.  Refs.  3,  11, 

14  and  18. 

•» 

2.  Foundation  Investigation  and 
'•  Testing  . 

a.  Foundation  Investigation  a.  In-situ  and  relative  densities  should 

be  determined.  See  Ref.  7  for  undisturbed 
sampling  in  sands.  Where  dynamic  analyses 
are  to  be  made,  make  downhole,  cross  hole 
and  surface  geophysical  investigations  to 
determine  in-situ  compression  and  shear 
moduli.  Ref.  17.  Determine  critical  void 
ratio  by  method  given  in  Ref.  5.  Piezo¬ 
meter  probe  may  be  used  in  saturated 
,  materials  to  assess  dilative  or  contractive 

state  in-situ.  (Ref.  15). 
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ACTIVITIES 

b.  Dynamic  and  Static  Testing 

3.  Ana  lyses  for  Earthcjunko  Effects 

a.  Seismic  Coefficient  Method 

b.  Dynamic  Analyses 

(  1  P  '  C  r-  «  m 

t  V  .  J  C  •  l'  C  tlulll 

Method 

(3)  Time  History  Method 

,(3)  Ncwmark  Method 

c.  Mathematical  Modeling 


REMARKS 

b.  Required  for  evaluation  of  inter¬ 
mediate  and  large-strain  moduli, 
dynamic  stability,  liquefaction  and 
permanent  deformation  of  erhanhments 
or  fouridat  ions .  Refs.  1,  4,  5  and  16. 


a.  folio.,  procedures  now  described 
in  appropriate  engineering  manuals 
using  seismic  coefficients  of  'figures 
1  tli rough  4  of  Appendix  3.  Required 
for  all  new  projects.  Refs.  6  and  8. 

b.  Use  to  be  compatible  with  in¬ 
structions  of  this  regulation. 

Cl)  Use  for  concrete  dams  end 
appurtenant  structures.  Refs.  4, 

10,  14,  and  18. 

(.2)  Use  for  all  types  of  dams  and 
appurtenant  structures  for  special 
investigations  and  analyses  where 
circumstances  warrant.  Refs.  10, 

18,  19,  21  and  22. 

(3)  Use  for  embankment  dams.  Refs.  1 
and  4. 


(1)  One- l)i mens  ;onal  System  (1)  Defined  as  a  system  in  which 

the  motion  of  the  system  at  any  time 
can  he  specified  completely  by  dis- 
pl  act  iier.ts  in  a  single  direction. 
This  system  can  be  used  l a  model 
both  a  concrete  dam  when  cantilever 
beam  action  only  is  ..ssia  .d  and  a 
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ACTIVITIES  REMARKS 

leve*  soil  foundation  with  horizontal 
layering.  The  level  ground  response 
determined  by  using  a  one-dimensional 
system  for  a  foundation  with  horizontal 
layering  can  be  used  as  a  first 
approximation  to  the  response  of  the 
embankment  (Refs  21  and  22) . 

(2)  Two-  or  Three-  (2)  Defined  as  a  system  in  which  the 

Dimensional  System  motion  of  the  system  at.  any  time  can 

be  specified  completely  by  displacements 
in  two  or  three  directions  for  a 
two-dimensional  or  three-ci mensional 
system,  respectively.  These  systems 
can  be  used  to  model  all  types  of 
structures  by  using  the  finite  element 
method  of  analysis. 
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APPENDIX  B 


SEISMIC  ZONE  MAPS 


Map  Page 


Contiguous 

States 

B-2 

California, 

Nevada  and  .Arizona 

B-3 

Alaska 

B-4 

Hawaii 

B-5 

NOTE:  Seismic  zones  for  areas  not  shown  in  this 
appendix  can  be  found  in  the  seismic  zone 
tabulation  in  section  1  of  reference  20. 
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